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Abstract 


The primarily neotropical fern genus Phanerophlebia is revised taxonomically to include eight species, with a key 
and descriptions provided. Classification of the genus within the Drvopteridaeeae is reviewed, as are the morphology, 
stelar anatomy, and cytology of the species. The justification for reduction of Phanerophlebia remotispora to a variety 
of P n obi I is is dis< •usse (I. \'\w recently named diploid species, P. gastcmyi, is contrasted with ils tetraploid derivative, 
P. juglandifolia , and hybridization and polyploidy within the genus are summarized. 


Phanerophlebia C. Presl is an enigmatic genus 


Aside from questions of species-level taxonomy. 


comprising eight species of terrestrial ferns of the Phanerophlebia has also provided problems in ge- 

New World tropics and adjacent subtropical nerie classification. The distinctness of the group 

regions. Most pteridologists know little about the from Asiatic Cyrtomium and nearly cosmopolitan 

group because of the rarity with which the species Polystiehum has remained controversial and is 

are encountered in nature. The genus was revised symptomatic of the general difficulties of generic 

taxonomically by Underwood (1899) and Maxon circumscription present in the family Dryopterida- 

(1912). Both of these early studies were based on eeae (and in several other pteridophyte families 

relatively few herbarium specimens and did not ad- well). 


» ne 


equately circumscribe variation in critical morpho- 


The present paper incorporates data from several 


logical characters, resulting in many subsequent concurrent studies (Stein et ah, 1989; Yatskievych, 
misdetenninations. 1989, 1990, 1992, 1993; Yatskievych & Gastony, 

The ne ed for a new taxonomic study of this genus 1987; Yatskievych et al., 1988) on aspects of evo- 

was further supported by disagreements and ques- lution and systematics of Phanerophlebia and the 

tions raised by tin 1 few researchers who have ex- results from field, herbarium, and greenhouse stud- 


artiined the species in recent years. Smith (1981), ies on the group, in an attempt to refine our un- 

Miekel and Beitel (1988), and Stolze (1981), in derstanding of the genus. An evolutionary species 

tlx dr detailed floristie treatments of pteridophytes concept is employed, which circumscribes a set of 

of Chiapas and Oaxaca, Mexico, and Guatemala, morphologically defined taxa that are also geneti- 

respeetively, each pointed out taxonomic problems callv separated. Genetic separation, based on var- 

in the group and emphasized different characters ions estimates of genetic similarity, rather than 

in delineating taxa. Tryon and Tryon (1982), in their crossing barriers, has been used, because attempts 

review of American ferns, pointed out the confusing at artificial hybridization between taxa failed uni¬ 
pattern ol morphological variation in the genus and formly (unpublished data). The varietal designation 

suggested that some of the traditionally accepted is used in this paper to denote putatively interfertile 

species might be combined, following much-need- morphotypes within a species, which lack sharp 


ed, critical, future studies. 


biogeographic discontinuities, and which are sep- 
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arated by only a single, relatively trivial, morpho- 


For spore counts, single, unopened sporangia 


logical character (whose genetic basis remains un- were carefully removed from field-collected (rather 
known). than greenhouse-grown), dried pinnae with a dis¬ 

secting probe and opened in a drop of lactic acid 
.. .« under the dissecting microscope. Ten counts from 

Methods and Materials . 6 K 

different sori were cornpded for representative 
Herbarium specimens, including types, were plants from each population. Spore sizes were also 


studied from the following collections: A, ARIZ, measured from material in lactic acid, using a com- 

ASC, BH, CAS, CM, CR, CU, DS, ENCB, F, GH, pound microscope equipped with an ocular mi- 

HAL, IND, K, LL, MEXU, MICH, MO, NY, P, crometer. Thirty measurements of the longest di- 

POM, RSA, TEX, UAMIZ, UC, US, XAL (abbre- mensions of spores from at least five sporangia were 

viations follow those used in Holmgren et al., made, from which the mean and standard deviation 

1990). Approximately 14(H) specimens representing were calculated for each sample. Spore morphology 
about 670 different collections of Phanerophlebia was observed under the compound microscope from 
were examined. Additionally, about 260 collections material in lactic acid and from dried material, as 

r 

of Cyrtomium and Polystichum were examined for well as by scanning electron microscopy (SKM). 
comparative purposes. The latter observations were carried out using a 

Information from herbarium specimens was sup- Cambridge Stereoscan 250-MK2 machine. Dry 

plemented with observations of populations in na- spores were mounted on aluminum SKM stubs us- 

ture. A total of 25 populations of Phanerophlebia ing double-sided tape without pretreatment and 
was located during fieldwork in the southwestern sputter-coated with gold/palladium using a Polaron 
United States, Mexico, and Costa Rica. In addition E5100 unit prior to viewing. 

to field observations and carefully pressed speci¬ 
mens, representative plants from each population MORPHOLOGY AND An atom \ 

were transplanted into common culture in the De¬ 
partment of Biology greenhouses at Indiana Uni¬ 
versity for further observation of phenotypic varia- 


RHIZOMES AND LEAVES 


tion. 


Rhizomes of Phanerophlebia species arc dictyo- 
stelic and anatomically similar to those of Cyrtorn- 

w ** 

For detailed observations of scale morphology, ium species studied by Chandra and Nayar (1^82) 

small strips of clear tape (Scotch) were used to re- and Gibson et al. (1984). rhey range from 8 mm 

move samples from leaves and rhizomes with the in diameter in small plants of P punula to ca. 20 

aid of forceps and mounted on microscope slides mm in P. macrosora , but are 8—15 mm in adult 

in Hoyer’s medium. Stelar observations were based plants of most species. Rhizomes may be charac- 

on direct observation of freehand sections from liv- terized as generally short-repent (erect or ascending 


ing rhizomes. Details of venation patterns and epi- in P. macrosora and P. pumila ), unbranched (tend- 

dermal morphology were observed from pinnae or ing to branch at maturity in P, auriculata and P. 

pinna pieces cleared using the bleaching proce- umbonata ), and deep-seated in the substrate (cx- 

dures summarized by Dilcher (1974). Following de- cept in P. gastonyi , P. punula , and sometimes in P. 

hydration and staining with safranin 0, samples for 


difolia ) 


all species, the rhizomes are 


observation of leaf venation were dried flat in a densely covered with scales near the apices and 
small press similar to that described by Wagner with persistent petiolar bases and adventitious roots 

(1976), and epidermal samples were mounted on on older portions. The dense mat of petioles and 


microscope slides in Permount, prior to viewing. 


roots makes the rhizomes appear larger than they 


Chromosome counts were made on representa- actually are. Rhizome scales are discussed below, 
tives of each population. Young pinnae with devel- under indument. 


Leaves 


oping sporangia were fixed in Farmers solution (3: 

1 absolute ethanol:glacial acetic acid) for meiotic the rhizomes and are clustered near the rhizome 
counts. Sporangia were spread using the standard apices. Mature leaves range in length from 4 cm in 
aeetocarmine squash technique (Manton, 1950), as P. pumila to 270 cm in P. macrosora . They persist 
modified by Haufler et al. (1985). Cells were ex- for two or more years and eventually die back to 


arnine( 


I with 


a compound microscope and chromo- the petiolar bases, which are persistent. There is 
somes were drawn using a camera lucida. New no well-defined zone of abscission along the peti- 
counts or those differing from the literature were oles. The petiolar bases persist for several years, 
also photographed, using Kodak Technical Pan turning hard and "woody” in P macrosora , but re- 

maining green and semisucculent, with gnvn in- 
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ternal tissues, in other species. Although an iodine 
test was not performed, these persistent petiolar 


bases presumably function as trophopods (Wagner 

& Johnson, 1983). 

Pet iole vascularization is simpler than in many 
other members of the Dryopteridaeeae, and the 1—8 
vascular bundles (mean = 6) are arranged in an 
uneven ring. The petioles are curved abruptly at 


their bases, so as to orient the leaves vertically, 
except in R. macrosora . In this species the petiolar 
bases are usually oriented horizontally for a dis¬ 


tance of 5—10 cm, before curving upward, the leaf 


bases thus appearing geniculate. Petioles may be 
shorter than or somewhat longer than the lami 
and are scaly (see below) in all species. 

Laminae are monomorphic and 1-pinnate (some¬ 
times simple in R gastonyi and R / mmila ), with 
alternate pinnae (leaflets). Rachises are adaxially 
suleate, with the groove more or less confluent with 
the costal groove of each pinna, although, in prac¬ 
tice, this character is usually difficult to assess. The 


leaves are usually mixed on the s; 


laminae have discrete terminal pinnae, but are not 
typically imparipinnate in that some leaves of all 
species have an even total number of pinnae. Such 

plant with 

th< >se having odd numbers of pinnae, and there is 
no morphological evidence for the existence of 
“pseudoterminal” pinnae; i.e., no nodes or articu¬ 
lations are present at the tip of a raehis to suggest 
suppression of the laminar apex and its replace¬ 
ment by an adjacent, lateral pinna. 

Pinnae of all species are chartaceous to subeor- 
iaceous and have shallow, adaxial, costal grooves. 
They range in shape from ovate to linear-lanceolate 
and commonly have attenuate apices and asym¬ 
metrical bases. Pinna bases are normally more de¬ 
veloped acroscopically (Fig. 1), and acroscopic. 


basal auricles occur commonly in Rhanerophlebia 
auriculata , sporadically in R pumila , and rarely in 
P. nobilis (var. nobilis). Pinna margins are spinu- 
lose-serrulate, the teeth connected by a narrow, 
white, marginal band of hard tissue, but the density 


serru 


and distribution of the teeth vary. In P. gastonyi , 
the serrulations are confined to the distal half of 
each pinna, and in R juglandifolia the density of 
serrulations in proximal portions of the pinnae can 
vary greatly on individual leaves. In R macrosora, 

tend to be somewhat more widely 
spaced than in other species and the teeth are often 
somewhat stouter. 

Rare individuals of most species (particularly 
Rhanerophlebia auriculata and R pumila) have 

leaves with the pinnae deeply incised to lac¬ 
erate, particularly on the acroscopic side (Fig. lb) 



The same phenomenon was described by Wagner 



Figure I. Cleared pinnae of Rhanerophlebia species. 
—a. R. auriculata (Yatskietrych et al. 83—10), showing sim¬ 
ple. dichotomous venation and presence of acroscopic, 
basal auricle. —b. R auriculata ()atskievych et al. 84- 

^ w 

68), showing irregular acroscopic lohing. —c. R. umbon- 
ata (Yatskietrych & McCrary 85-05), showing simple (non¬ 
anastomosing), dichotomous venation. —d. R. gastonyi 
(Yatskievych et al. 85—182), showing anastomosing vena¬ 
tion. Scale bar = 1 cm. 


(1979) for Polystichum munitum, and a similar phe¬ 
nomenon in Polystichum acrostichoides (f. incisum 
(A. Gray) Gilbert) was attributed by Wagner et al. 
(1970) to environmental and temporal factors. In 
Phanerophlebta, it is of interest to note that in such 
pinnae the lobes each contain one vein that has 
branched from the costa and that the multiseriate 
(with respect to the costa) sori are arranged in a 
single series on either side of this midvein in each 
lo) >e. Such anomalous pinnae provide indirect evi¬ 
dence that the 1-pinnate leaf dissection in Rhaner¬ 
ophlebia is derived from a more highly dissected 
leaf type. 

Venation in Rhanerophlebia species is anadro- 
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mous (this often difficult to observe) and consists less than 2 mm from the costa, but the innermost 
of numerous, arcuate, secondary veins branching sori are otherwise normally more than 4 mm from 
sequentially from the costa of each pinna (Fig. 1). the costa. This character has been used by some 
These secondaries branch 1-4 times before termi- authors to differentiate P. juglandifolia from R do¬ 
nating near the pinna margin. There is no vein run- bills var. remotispora^ but is too variable for consis- 


ning parallel to the margins, but there is a thick- tent application. 


ened, narrow band of hard, white tissue along the 


The t 


sori i 


more or less circular and in all but 


edge, at which the veins terminate. Thus, the veins two taxa are covered by an indusium. Presl (1836) 

do not extend into the marginal serrulations of the first noted the absence of an indusium in Phaner- 

pinnae. The basal 1-2 vein branches do not extend ophlebia juglandifolia (which he used as evidence 

to the margins, instead terminating between the to align this species with Polypodium under the 

costa and margin. Vein endings are tapered (except generic name Amblia ), but nearly all subsequent 

those terminating in sori), lacking bulbous thick¬ 


enings 


workers ignored or dismissed this character until it 
was reexamined by Smith (1681). Phanerophlebia 


Fhe venation pattern of Phanerophlebia is of two gastonyi , which has been confused with P. juglan- 

kinds. The most common type, which characterizes difolia in the past, is the other species lacking in- 

all taxa except P gastonyi P. juglandifolia , and P. dusia. Part of the problem with regard to this char- 

nobilis var. remotispora , consists of simple, dichot- acter is that in all of the indusiate species except 

omously branched secondaries essentially lac king P umbonata the indusia are fugacious, shriveling 

anastomoses (Fig. la—c). All of the free-veined taxa and mostly falling off by the time the sorus is ma- 

ean produce rare, marginal anastomoses, and in P. ture. Thorough examination of sori in these* taxa 

haitiensis these can be fairly common (>2 per pin- will always result in the discovery of at least a few 

na, but very irregularly distributed). The ultimate remaining, shriveled indusia, however. 

In those species possessing indusia, these 


vein-branches in the free-veined taxa range* from 


arcuate to nearly straight, but are usually more or ephemeral structures are light tan, peltate, roughly 
less parallel to one another. 


circular in outline, erose-margined, and 0.6—1.1 
In Phanerophlebia gastonyi P, juglandifolia , and mm in diameter. They are membranous to papery, 

P. nobilis var. remotispora, the branching secondary concolorous, and Hat to slightly concave centrally, 

veins form a regular pattern of 1—3 series of simple, except in Phanerophlebia umbonata , which has 

submarginal anastomoses (Fig. Id). The pattern of firmer, subeoriaeeous, persistent indusia with a 

reticulation is that of elongate areolae with acute raised, darkened umbo in the c enter. Indusia of P. 

apices and bases. There are no free, tertian veins pumi-la arc* unusual in that the attachment point of 

included in the reticulations (as in Cyrtonuum ), but the receptacle is sometimes acentric, and the in- 

in most eases the basal branches of the secondaries dusia are often more ovate than c ircular in outline*. 


end below the anastomoses of adjacent, more mar- 


It is al 


s also < 


if interest that although diploid P. gas - 


ginal branches, thus appearing enclosed. Although tonyi and its tetraploid derivative, P. juglandifolia , 

there are no clear morphological distinctions be*- lac k indusia, the rare, sterile, triploid hybrid be¬ 
tween the patterns of retieulation found in the tween the latter taxon and the indusiate R macro- 

elosely related P. gastonyi and P. juglandifolia on sora has rudimentary, irregular indusia less than 

the one band and those of P. nobilis var. remotispora 0.2 mm in diameter, 

on the other, evidence from restriction site poly¬ 


morphisms in the chloroplast genomes (Yatskievych spoHKS 
et al., 1688) and the fact that only one of the two 

varieties of P. nobilis exhibits reticulate venation Spores of selected Phanerophlebia species were 
suggest that this pattern has arisen independently examined cursorily (usually in conjunction with 

twice in the genus. those of Cyrtomium) by several earlier authors, but 

Sori of Phanerophlebia species are either termi- the first detailed study of spore morphology in the* 

nal or lateral on the* secondary veins and are situ- genus appeared as part of the* generic treatment for 

ated in 2—4 series (sometimes only 1-seriate in P. Cyrtomium (including Phanerophlebia) in Tryon 

pumila) between the costa and margin. In P. urn- and Tryons (1682) broad survey of fern genera. The 

bonata , the sori are sometimes clustered submar- subsequent discussion in Tryon and Fugardons 

ginally, but otherwise they occur in a broad band (1661) survey of fern spores expanded slightly on 

between the costa and each margin. In P gastonyi this initial treatment. The present account attempts 

and P. juglandifolia (occasionally also in other spe- to expand upon this excellent foundation. 


cies) the innermost series of sori may be situated 


Sporangia contain 64 spores in all fertile taxa 
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and are monolete and dark Frown at maturity. ate structures usually associated with this term 

w J 

Spores fall into three size classes. Those of the dip- (Fig. 3). Such reduced scales are common in the 

loid Phanerophlelna gastonyi are .*10-42 pan in Ion- Dryopteridaeeae and have been noted by several 

gest dimension, whereas those of other fertile dip- students of the family. Daigobo (1972) believed that 

loid and tetraploid taxa in the genus are 41-60 gm. variations in the pattern of cellular orientation and 

Spores of P. haitierisis , although seemingly well shape made such trichomes the most stable and 

formed, show great size variation, even within in- important characters for infrageneric classification 

dividual sporangia, and measure 36—52 fitn. Spore of the 47 species of Polystichum in Japan, Ryukyu, 

size is thus of little use in identifying polyploids, and Taiwan, and applied the name "microscale"’ to 


except as a means of distinguishing P. gastonyi them. Viaiie (1986), who held trichome morphology 
from its closest relatives. to be important in classification of Dryopteris spe- 

The exospore in all species is smooth (Fig. 2) eies, adopted the name "paleaster" for such hair/ 

and is covered by a two-layered perispore. The scale intermediates. Moran (1986, 1987), working 

thin, inner perispore has a slightly undulate sur- with the related genera Olfersia and Polybotrya , 

face, often also with widely scattered papillae'. coined the term "proscale” for them. Smith (1986), 

These papillae may represent the rudiments of col- in his monograph of Cyclodium , differentiated re¬ 

duced scales from acicular hairs and septate glands 
perisporal layers, but actual columellae apparently also found in that genus but declined to invent a 

no longer exist. The outer layer of perispore is name for these structures. Barrington (1989), in his 

much thicker than the inner layer and consists of studies of neotropical Polystichum , adopted tin* 

inflated, irregularly undulate folds. The density and term "microscale" and noted that most species of 

degree of inflation of these folds varies develop- neotropical Polystichum shared Daigobos (1972) 

mentally and within each species. They are thus of Metapolystichum type* of scale development. 


umellae that once connected the inner and outer 


little use in distinguishing among them, although 


The pattern of scale development in all species 


tht‘ mature spores of P. macrosora generally have of Phanerophlelna is identical and is similar to that 

fewer folds th an those of other taxa. The surface of seen in the Metapolystichum type of Daigoho 

tilt' outer perisporal layer also varies from nearly (1972). The reduced scales found to some degree 

smooth to rugulose and contains no observable mi- on the abaxial laminar and distal eostular surfaces 


croperf orations. 


are tan to brownish and appressed. The smallest 


All fertile specimens of Phanerophlelna species are uniseriate and approximately 3 cells long, with 

possess at least some sporangia that, at maturity, somewhat flattened cells and thickened endwalls. 

contain malformed, apparently abortive spores of In contrast to the situation described by Daigobo 

varii lhle size with the outer perisporal layer rela- (1972) for Metapolystichum , however, the terminal 

lively smooth and the folds winglike and uninflated cells of these smallest scales are obtuse, rather than 

(Fig. 2d). Tin \se resemble immature spores in their acutely attenuate (Fig. 3). Larger scales with two or 

incomplete perisporal deposition and although not more cellular series display the morphology more 


obviously collapsed or shrunken within, they wi 


typical of Metapolystichum scales. In these larger. 


not germinate on agar or soil. Sporangia containing reduct'd scales the basal 1-2 series of cells are 

such spores art* especially frequent in the relatively smaller than the other cells and are nearly square 

few herbarium specimens available of A? haitierisis. to rhornboidal in outline. Above this base, the body 

w 

\X hether this phenomenon has a genetic basis is of the scale is broadened and the individual cells 

not presently known, but plants placed under en- are elongate longitudinally. Processes homologous 

vironmental stress (such as excess sunlight or high to (lit* lateral cilia of fully developed costal and 

temperature) in the greenhouse produce such abor- petiolar scales are first evident near the base of tilt* 

live spores with greater frequency than when grown reduced scab's, which are otherwise entire along 


under more optimal conditions. 


their lateral margins. 


INIHIMKNT 


Along the costae, the reduced scales grade 
abruptly into the longer and broader structures usu¬ 
ally associated with the term scale. Reduced scales 


leaves of Phanerophlelna species do not possess are best observed on immature leaves and are ap- 

true hairs in the sense that this term is usually parently shed during development or at least easily 

applied to such epidermal outgrowths in most ferns. abraded from mature laminae. The pinnae of some 

Instead, the uniseriate, multicellular trichomes populations of P. auriculata and P. pumila possess 

present in all species are in reality reduced scales, the densest covering of reduced scales, but this re- 

and intergrade completely with tin* larger, pluriseri- tention of vestiture may be due primarily to the 
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Figure 2. Spores of Phanerophlebia species. —a. P. umhonata (Yatskievych Wollenweber 83-87), a mixture of 
mature and immature spores. —1>. P. auriculata (Yatskievych et al. 83—10). —e. P- gastonyi (Yatskievych el at. 83—182). 
—(I. P. macrosora (Yatskievych & McCrary 86-30), with incomplete perispore formation characteristic of nonfunctional 
spores present in some sporangia of all species. Scale bars = 10 gm. 
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Kigure 3. Representative* laminar scales from a single 
af of Phanerophlebia auriculata (Yatskievych et al. 88- 



protected habitats in which these plants usually 


grow 


The most highly developed scales occur along 
the proximal portions of the petioles and on the 
rh izomes. The rhizome and largest petiolar scales 
are similar in morphology within most species, but 
the rhizome scales are usually less variable and 
often slightly smaller and more densely eiliate 
along their margins than those of adjacent petiole 
bases. The largest rhizome and petiolar scales 
range in length from 2.5-4.0 mm in P gastonyi to 
10—15 mm in P macrosora. Rh izome sc ul< *s are 
ovate to elliptic-lanceolate, but petiolar scales vary 
from linear to ovate in most species, due to the 
gradation of mixed scale types described above. 
Exceptions are P gastonyi , which has very few nar¬ 


rower scales mixed with the sparse, ovate scales 
along the petiolar bases, and P. pumila , which has 
only linear-filiform petiolar scales except in the 
very basal portions. 

I he margins of the rhizome and petiolar scales 
are eiliate, and those of Phanerophlebia macrosora 
are strongly erose-ciliate. In all taxa, there is a ten¬ 
dency for these cilia to break off with age. In P 
nobilisy cilia tend to be abraded easily, and a dili- 

w 

gent search with a dissecting microscope is nec¬ 


essary to observe the few remaining on scales at 
rhizome or leaf maturity. In contrast, the margins 
of petiolar scales in P. gastonyi , P juglandifolia , 


and P. macrosora tend to remain relatively unal- 

w 

tered at maturity, although the cilia become abrad¬ 
ed with age. The petiole bases of young leaves in 
all species are covered with a dense indument of 
imbricate scales except in P. gastonyi , wherein the 
scales are sparser and essentially non-overlapping. 
In P macrosora , the dense, chaffy covering of 
scales is especially persistent, even with age. 

Khizome and petiolar scales are eoncolorous, ex¬ 
cept in Phanerophlebia gastonyi and P juglandi¬ 
folia . The former species has scales with broad, 
dark centers of selerified cells and narrow, hyaline 

9 

margins. In the latter species the darker, central 
band is of variable width, though well defined from 
the correspondingly broader, hyaline margins. 
Specimens of P macrosora rarely have scales with 
slightly darker, poorly differentiated, central 
regions. Otherwise scales of this species are light 
tan. The remaining taxa produce tan to orange- 
brown scales; those of P. nobilis and P umbonata 
are usually a pronounced orange-brown in color. 


Hybridization and Polyploidy 


Chromosome counts for Phanerophlebia species 
are presented in Table 1. These indicate that the 
base number for the genus is a = 41, a common 
number in the Dryopteridaceae. Representative 
chromosome counts had been published previously 
for most species and appeared to indicate a rela¬ 
tively simple eytological situation in the group, with 
less polyploidy and hybridization than is typical in 
Polystichum and other related genera. The earliest 
reports for the genus were diploid counts for P. um¬ 
bonata (Wagner, 1963; Mickel et al., 1966). Diploid 

counts had also been published for P juglandifolia , 
P. macrosora , P. nobilis , and P remotispora (Smith 
& Mickel, 1977). Two tetraploid taxa had been 
identified, P. auriculata (Reeves, 1978) and P. 
pumila (Smith & Mickel, 1977), and except for a 
single tetraploid count for a sample tentatively as¬ 
cribed to the otherwise diploid P. nobilis var. re¬ 
motispora (Smith & Mickel, 1977, reported as P. cf. 
remotispora ), there was no evidence of eytological 
heterogeneity in any of the species. The only pres¬ 
ently accepted species for which no chromosome 
count exists is P haitiensis , which is known histor¬ 
ically from very few collections and is presumed 
extinct at its type locality in Haiti. 

New counts reported in Table 1 agree with most 
earlier counts for the genus, but document the sur¬ 
prising find that Phanerophlebia juglandifolia , as 
traditionally circumscribed, comprises two cyto- 
types (Yatskievych & Gastony, 1987). The previ¬ 
ously published count from Oaxaca, Mexico (Smith 


( 
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Table ]. Chromosome numbers in l*hnnerophlebia. All counts are from meiotic material. Vouchers for new counts 
are accessioned at INI) and MO. with duplicates to be distributed elsewhere. 


Species 


Number of 
Meiotic 
Bivalents 


Source 


P. auriciilata 


82 


P. gast onyi 


41 


P. juglan difolia 


82 


P. jugla n difol ia 
X macrosora 
P. macrosora 


1231 


41 


P n obi I is 


ar. nobilis 


41 


var. remotispora 


41 


P. pumila 


82 


P. umbonata 


41 


U.S.A. Arizona: Chochise Co., Bass Canyon, Caliuro Mtn., 3 Jan. 1983, 
Yatskievych et al . 83-10 ; Garden Canyon, Huachuca Mtn., 17 May 1983, 

* w w 

Yatskievych 83-161 ; Santa Cruz Co., Sycamore Canyon, Pajarito Mtn.. 30 

* w w 

Dec. 1982, Yatskievych & Yatskievych 82-273; Yavapai Co. (Beeves, 1978). 
New Mexico: Dona Ana Co., Ice Canyon, Organ Mtn., 21 July 1984, Yat¬ 
skievych et al. 84-68. 

MEXICO. Chiapas: ea. 13 km N of Berriozabal, 17 July 1985, Yatskievych 
et al. 85-182. Oaxaca: (Smith & Mickel, 1977, as P. juglandijolia). Ve¬ 
racruz: 1 km N of Pas de Enriquez on rd. from Jalapa to Misantla, 29 
Sep. 1986, )atskierych & Gastony 86-337. 

MEXICO. Chiapas: (Smith & Mickel, 1977, as P. cf. remotispora). COSTA 
RICA. San Jose: 6 km S of Hwy. 2 on Hwy. 12 to Santa Maria de Dota, 
15 Mar. 1986, Yatskievych & McCrary 86-13. Heredia: 2 km SE of Sacra- 

mr wr 

mento on Hwy. 114, S slot >e of Volcan Barva, 18 Mar. 1986, Yatskievych cV 
McCrary 86-31. 

IT 

COSTA RICA. Heredia: 2 km SE of Sacramento on Hwy. 1 14, S slope of 
Volcan Barva, 18 Mar. 1986, Yatskievych & McCrary 86-3la. 

COSTA RICA. Heredia: 2 km SE of Sacramento on Hwy. 114, S slope of 
Volcan Barva, 18 Mar. 1986, Yatskievych cV McCrary 86-30. MEXICO. 
Oaxaca: trail to Llano Verde, 1—2 mi. NE of Natividad, 30 Dec. 1983, 
Yatskievych et al. 83-467; 22 mi. NE of Teotitlan del Camino on rd. to 

Wr 

Huautla, 28 Sep. 1986, Yatskievych & Gastony 86-329; (Smith & Mickel. 

1977). 


MEXICO. Mexico: 1—2 km E of San Ralael on W slope of Volcan Iztacei- 
huatl, 21 July 1985, Yatskievych et al. 85-211. Oaxaca: 35 km S of Tlax- 
iaco on Hwy. 125 to Putla, 27 Sep. 1986, Yatskievych & Gastony 86-327; 
(Smith & Mickel, 1977, as P. nobilis). 

MEXICO. Chiapas: ca. 13 km N of Berriozabal, 17 July 1985, Yatskievych 
et al. 85-186; (Smith & Mickel, 1977, as P. remotis flora). Hidalgo: 17 mi. 
SW of Chapulhuacan on Hwy. 85, 4 May 1983, Yatskievych & Wollenweber 
83-128; 32 km SW of Tamazunchale on Hwy. 85 to Jacala, 22 Dec. 1983. 

we 

Yatskievych et al. 83-353. Veracruz: ca. 3 km SW of Orizaba on Hwy. 
150D, Sierra de San Cristobal, 9 May 1983, Yatskievych & Wollenweber 

83-158. 

MEXICO. Chiapas: (Smith & Mickel, 1977). Oaxaca: Llano de l^is Flores, 
at high point on Hwy. 175 N of Ixtlan de Juarez, 13 July 1985, Yatskie¬ 
vych et al. 85-139; NE of Ixtl&n de Juarez on old rd. from Capulalpan de 
Mendez, near junction with newer road to Francisco I. Madero, 19 July 

1985, Yatskievych & Gonzalez L 85-209; (Smith & Mickel, 1977). 
MEXICO. Nuevo Leon: SW' of Monterrey on rd. to Valle de San Angel, 

lower slopes of Mesa de Chipinque, 1 May 1983, Yatskievyc h x- Wallen we- 
ber 83-87; km post #29 on Hwy. 58 from Linares to San Roberto, 19 Dec. 
1983, Yatskievych et al. 83-299; Cola de Caballo, W of YA Cercado, ca. 20 
mi. S of Monterrey, 4 Jan. 1984, Yatskievych et al. 84-04; Canon de San 
Francisco, Sierra Madre Oriental, ca. 35 km SE of Monterrey, 16 Sep. 

1986, Yatskievych <$: Gastony 86-250. San Luis Potosi: (Mickel et al.. 
1966). U.S.A. Texas: Brewster Co., Maple Canyon, Basin, Chisos Mtn.. 

12 Mar. 1985, Yatskievych & McCrary 85-05. 
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Figure 4. Meiotic preparations illustrating new chromosome counts in Phanerophlebia. a, b, photographs; a', b\ 
interpretive camera lucida drawings. — 

dijolia X macrosora , 2 n = 1 2d I (Yatskievych & McCrary 86—3la). Scale bars 


a. I } . jugl an dijolia, 2 n = 82 II (Yatskievych & McCrary 86—13). —b. P. juglan- 


10 pm. 


& Mickel, 1077), applies to the rare diploid taxon strieto. A further novelty was the documentation of 
treated as P. gastonyi in the present work, whereas sterile triploid hybrids (Fig. 4) in a mixed popula- 

the tetraploid count attributed to P. el. remotispora lion of diploid P. macrosora and tetraploid P. jug - 

by Smith and Mickel (1077) appl ies to the taxon landifolia , the ordy known primary hybrid in the 

(Fig. 4) treated herein as P. juglandijolia sensu genus. Thus the eytologieal situation in this small 
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group is somewhat more complex than was sug- ata (Fig. 6). These taxa all share identical rhizome 
gested hy earlier studies. and petiolar scale types and overall leaf morphol- 

As has been noted above, spore size did not ogy. Specimens from some localities where the 

prove to be a reliable indicator of ploidy in Pha- ranges of these taxa overlap have been misdeter- 

rierophlebia and was useful only in discriminating mined by earlier workers and a few samples, such 

P. gastonyi from its relatives. However, the vari- as those collected by Robert Bye in the Sierra Ma- 

ability of spores in the small sample of P. haitiensis dre of Chihuahua, Mexico (i.e.. Bye 69B9, 7094 , 


and the apparent high number of malformed spores 7363), were quite difficult to determine during the 
in this taxon suggest that hybridization and/or poly- present research. Phanerophlebia auriculata and P. 


ploidy may have had a role in its formation. 


umbonata share a tendency for rhizomes to branch 


Measurements of epidermal cells were also with age, a feature not seen in P. nobilLs . Biogeo¬ 
somewhat equivocal as a means of documenting graphically, the derivation of P. auriculata from P 
polyploidy in the genus. Epidermal cells in Pha- nobilis and P umbonata also seems reasonable, giv- 
nerophlebia species are irregular in size and shape, en that these three taxa 


the only ones known 

but are extremely wavy-margined (jigsaw-puzzle- to occur in northern Mexico. However, mixed pop- 
piece shaped) in surface view (Fig. 5). Stomates are ulations have not been found in nature, 
restricted to the abaxial surface of the pinnae and Phanerophlebia haitiensis. As noted above, mea- 
are more or less of the polocytic type (sensu Van surements of stomata suggest that this rare taxon is 

Cotthem, 1970). Although polyploids, such as P some sort of polyploid, and its irregular spore size 

pumila , generally possess larger epidermal (‘ells on and relatively high number of malformed spores 
both adaxial and abaxial pinna surfaces, the within- suggest that hybridization is involved. 1 he irregular 


sample variation is so high that quantification of pattern of anastomosing venation also leads me to 
these measurements was useless. Measurements of suspect that it is of hybrid origin. I his taxon is 


stomates (technically, guard cell lengths) proved to presumed extinct in Haiti (see below, under taxo- 
be a more stable means of distinguishing diploid nomic treatment) and was unavailable for labora- 
taxa (mean 47.7 gm, range 44.9-54.3 gm) from tory study, so no comparative information is avail- 


polyploids ( 


6—6 



from cytological, isozymic, or chloroplast 


Measurements from a cleared pinna of P haitiensis genomic studies. VC hat is unusual is that no other 
(Fig. 5) fell within the range of guard cell size in species of Phanerophlebia has ever been recorded 
polyploid taxa, a further suggestion that this species from Hispaniola, making it difficult to imagine how 


is a polyploid of some sort. 


this taxon might be present at a single, isolated site 


A brief discussion summarizing what is known in Haiti. 


about each of the four polyploids in the genus (in- 


Morphologically, Phanerophlebia haitiensis is 


eluding Phanerophlebia haitiensis ), along with reminiscent of P. nobilis. The few specimens that 
speculations as to the likely parentage of each, is exist are intermediate in venation between free- 
presented below. The sterile triploid, P. juglandi - veined variety nobilis and reticulate-veined variety 


folia 


rernotispora, but P. haitiensis has smaller leaves and 
fewer pinnae than is usual for either variety of P. 


P. juglandifolia . 

Phanerophlebia auriculata. This tetraploid oc- nobilis. It is possible that the irregular spores and 
cupies the northwestern portion of the range of the reduced leaves might have resulted from inhospi- 


1990 


table environmental conditions, rather than from 


Yatskievych & Gastony, 1987) have indicated that genetic causes, but this would not explain the rel¬ 
it is probably an allopolyploid, but did not result atively large stomates and the irregularly anasto- 

in any firm conclusion regarding potential progen- mosing venation. Hie existence of two morpholog- 

itors within the genus. These data are, however, ically similar collections from Guatemala (Beaman 

consistent with the speculations that follow. Anal- 3056) and Honduras (Moran 5706) (see under tax- 

ysis of chloroplast DNA restriction site mutations onomic treatment) suggests that further fieldwork in 

(Yatskievych et al., 1988) suggested that one of its southern Mexico and Central America may even- 

parental species is P. nobilis. Morphologically, P. tually result in at least partial resolution of the 

nobilis var. nobilis and P. auriculata are very sim- enigma surrounding this taxon. 


ilar, and the rare occurrence of acroseopically au- 


Phanerophlebia juglandifolia. Yatskievych and 


riculate pinnae in P. nobilis (otherwise unique to P. Gastony (1987) discussec 1 the two eytotypes consti- 

auriculata) reinforces this similarity. The other tuting the traditional taxon P. juglandifolia and as- 

morphologically similar diploid occurring in the certained that the type specimen of the name 4 

northern portion of the generic range is P. umbon- agrees with the tetraploid. Morphological characters 
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Figure 5. Camera lucida drawings of epidermal cells (surface view) of Plninerophlebia species, a-d, ahaxial surfaces, 
with slomales; a'-d\ adaxial surfaces. —a. P past on yi (Yatskievyvh el <il. 85-182). —I). /' nobilis var. remotispora 
(Yatskievyrh Wollenweber tt.i—158). —c. P. punnla {Michel r>.i77). —d. P. haitiensis (Ekman 7798). 


























Volume 83, Number 2 
1996 


Yatskievych 

Revision of Phanerophlebia 


179 



Figure 6. Distributions of Phanerophlehio auriculata and P. umbonata, based upon herbarium specimens examined. 


that separate tetraploici P. juglandifolia sensu stric- sora: or (c) a parental taxon that is now either ex- 

to from the diploid here treated as P. gastonyi are tinct or has not been sampled. <)l these three hy- 

detailed below in the taxonomic treatment. Restrie- potheses. the lirst. that P. nobilis is involved in the 

tion site analysis of the chloroplast genomes (Yat- parentage of P. juglandifolia, seems the least likely, 

skievyeh et al., 1988) of these plants confirmed that Morphologically, the tetraploids do not combine the 

the diploid plants formerly attributed to the species critical features of P. nobilis and P. gastonyi, in- 

were a progenitor of the tetraploid. Isozyme studies eluding rhizome and petiolar scale shape and color 

(Yatskievych, 1990; Yatskievych & Gastony, 1987) and the pattern of spinulose serrulations along the 

of the tetraploids showed high levels of fixed het- pinna margins. The third hypothesis, of an extinct 

erozygosity not segregating in their gametophytic or at least as yet unsampled progenitor taxon, may 


offspring, which is consistent with the hypothesis be the most likely, but cannot be evaluated from 
that these plants are of allopolyploid origin. The the present data. The other hypothesis, that a free- 
identity of the other parental taxon unfortunately veined, indusiate species of Phanerophlebia con- 

remains unclear, particularly because the isozyme tributed the other parental genome to P. juglandi- 

studies did not supply convincing evidence for the folia , was explored by Yatskievych and Gastony 
identity of the second progenitor taxon. The possi- (1987). Surprisingly, of the other extant species in 

bilities for the second parent include: (a) P. nobilis the genus, the one that possesses the most likely 

var. rernotispora, the other net-veined taxon in the morphology to account for the differences between 


genus; (b) a free-veined taxon, such as P. macro - P. juglandifolia and P gastonyi is P. macrosora . 
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The tetraploid possesses rhizome and petiolar bonata , such as a tendency for branching rhizomes 
scales with color, shape, and size somewhat inter- or umhonate indusia. Instead, based upon a qual- 
mediate between R. gust on yi and mucrosora , and itative assessment of morphological characters, it 


its pinna size, shape, and number are also plausible seems at least plausible that P. nobilis might rather 
for this ctoss (Yatskievych & Gastony, 1987; set* 


have contributed one of the genomes to form R 


also below, under taxonomic treatment). However, pumila. Although the leaves of R. pumila tend to 
P. juglandijolia bears a far closer superficial resem- be highly reduced in size and pinna number, and 
blance to R. gastonyi than to R. mucrosora , and the petiolar scales are at most linear-filiform, the 
lacks the pronounced odor, coarsely serrate pinna pinna shape and the rhizome scales, as well as the 
margins, and geniculate petiolar bases that char- overall leaf shape, suggest some depauperate sam- 


aeterize the latter species. 


pies of R. nobilis. Further, this diploid can some- 


Compounding the problem of establishing the times occur in sinkholes and other habitats nor- 

parentage of Rhancrophlcbia juglandijolia is the mally associated with P. pumila , and one set of 

existence of rare, naturally occurring, triploid by- replicate herbarium specimens examined during 

brids between this species and R. mucrosora (Table this study (Hinton 12428) consisted of a mixed col- 

K Fig. 4) from Costa Kica (see also below, under lection of these two species. No other species of 

taxonomic treatment). These* hybrids, which pro- Rhancrophlcbia , except tlu* northern tetraploid, R 

duce aborted spores and are therefore sterile, are auriculata , has been found in the specialized hab- 

of intermediate morphology between P. juglarulifol- itat type (sheltered, overhanging rock walls) to 

ia and R mucrosora and wrrt* relatively common at which /\ pumila is restricted, 

the sing le site where I was able to observe them. 

If t< tiaploid P, jujflundiJolia (ontamt d on< genome PllY I.OGKNKTIC Rki ATIONSHIPS 
from R. gastonyi and the other from R. mucrosora , 

then the* Costa Rican hybrids would represent a Most modern systematises agree that questions of 
baekeross and should display 41 bivalents and 41 phylogenv are best approached through considera- 

univalents at diakinesis. Instead, the* triploids dis- tion of the* shared, derived characters (synapomor- 

play 123 univalents (Table 1). I nfortunately, this phies) present in various subsets of species within 

v\e*i ike *ns the* argument that mucrosora might have a clade*. Such analyses require several assumptions 

been the second progenitor of R juglandijoha. The* to he* ae , e*e*pte*d. First, the* group in question should 

derivation of this tetraploid thus remains nine*- he* monophyletic. Second, it is assumed that char- 


sol ve*e I. 


ac ter state*s for various features can in some wav be 


Rhancrophlcbia pumila . This morpholeigieally re*- polarized; that is, that there is a rational way to 
dueed tetraploiel remains enigmatic. Isozyme stud- distinguish apomorphies (derived character state*s) 

ie*s (Yatskievych, 1990; Yatskievych Gastony, from plesiomorphies (primitive* character state*s). 

1987) indicate* that it is probably of alleipolypleiid Finally, the* researcher must assume that he or she* 

origin, as are othe*r tetraploids in the* genus, but do can detect homoplasy (parallel or convergent evo- 

neit assist in determining its parentage. Surprising- lution), which will tend to confuse interpretation of 

ly, its pattern eif chloroplast DNA restriction frag- any analysis. 


merits (Yatskievych e*t al., 1988) do not support any 


The *re* is little doubt that the* spe*eie*s of Phancr- 


of the* extant species of Rhancrophlcbia as a like*ly ophlcbia are* monophyletic. However, the* spe*e‘ie*s 


preigenitor. Thus, the* experimental 


evidence sug- 


are so i*haracter-pe>or that although aiitapomomhie*s 


ge*sts that one* or e*ven both pare*ntal diploids of this (derived characters unique* to one* taxem) allow se*p- 
taxon are either extini’t or so rare* as not to have aration of the* species from erne another, as in the 
been sampled by collectors thus far. Potential pro- ke^v to species below, there are virtually no synapo- 

morphies that can be documented. Further, those* 
character state*s that are shared by two or more taxa, 

m 

such as the* rhizome* and petiolar scale type* of R. 



nobilis and R. umbonata (among the* dipleiids), are 


genitors are to he* sought in the* mountains of south¬ 
ern Me*xii*o and adjacent Guatemala, where overt 
species diversity within the* genus is the* highest. 

The* Wagner parsimony analysis of the molecular 
data (Yatskievych e*t al., 1988) grouped Rhancro - not easily polarized. Also, it is apparent from study 

phlcbia pumila and R. umbonata as sister taxa. It of independent data sets (such as restriction site* 

the*re*fore* suggested that the* latte*r species might be analysis of the* chloroplast genomes) that some* 

involved in the* parentage of R. pumila. This seems characters judged by most earlier workers to he* im- 

unlikely hiogeographically, because the* two are portant for classification in the* group, particularly 

wielely allopatrie. Rhancrophlcbia pumila displays the* anastomosing venation patterns of R. gastonyi 

none of the critical morphological features of P. um- and R. nobilis var. remotispora , are homoplasious. 
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Thus, no formal cladistic analysis of morphological atic origin for the entire group, with an American 
characters is attempted here. component having become established via a trans¬ 

oceanic, disjunctional event. He noted that such a 
major disjunctional pattern exists in a lew other 
fern genera, such as Plagiogyria (kunze) Mett. 
The genus Phanerophlebia was first erected by (Plagiogyriaceae), and this scenario is therefore 

Presl (1836), based on Aspidium nobile Schltdl. & plausible. 


Generic Considerations 


Cham. Presl (1836) also described Amblui, based on 


Evidence in support of Christensens (1930) liy- 


Polypodium juglandifolium Humb. & Bonpl. ex pothesis comes from several sources. An interesting 
Willd., and Cyrtomium , based on Polypodium fal- general observation concerns the distribution ol 
catum L. f. As with many of Presls genera, accep- apogamous taxa in the polystiehoid ferns. Several 


tanee of these innovations was neither immediate nor authors have remarked on the 4 exceedingly large 
unanimous, and various authors have treated the number of apomietie taxa that have been described 
groups differently up to present times. Smith (1842) in Cyrtomium (e.g.. Slung. 1965) and C. falcatum 
first submerged Amblia (which Presl had allied with was the subject ol classic studies on the phenom- 

Polypodium L.) in Phanerophlebia (which Presl had enon of apogamy in ferns (Manton, 1950). Exami- 

allied with Aspidium Sw.), while maintaining this ge- nation of the scant information available on apog- 

nus separate from Cyrtomium , and recognizing the amy in Asiatic Polystichum (Isai & Shieh, 1985) 

relationship of both to Polystichum Roth. Moore indicates that this phenomenon also occurs in scat- 

(1857) was the first to unite Phanerophlebia and Cyr- tered species within the Asiatic component of the 

tomium , under the latter name, but retained two sub- genus. In contrast, as noted above, all fertile taxa 

groups based on the two genera. Diels (1899) pre- of Phanerophlebia reproduce sexually. Ibis is also 



true of all species of American Polystichum that 
have been examined. Although hybridization and 
polyploidy are relatively common throughout Poly- 
version of Polystichum. Since that time, most pteri- stichum , apomixis is expressed only in the Old 

dologists have either maintained Phanerophlebia as World contingent. 


sented the most extreme alternative to 
segregate 4 genera bv submerging Amblia, Cyrtomium, 
and Phanerophlebia in his large and heterogeneous 


a separate genus (e.g.. Underwood, 1899; Maxon, 


The morphological innovations said to unite 


1912) related to Polystichum , or have included Pha- Phanerophlebia and Cyrtomium do not survive 
nerophlebia in an expanded concept of Cyrtomium close scrutiny. Mitsuta (19*w), who studied vena- 


(e.g., Morton, 1957; Tryon & Tryon, 1982). 


tion patterns in polystiehoid ferns, noted that the 


No recent workers have questioned the 4 close re- areolae in Phanerophlebia were narrower (i.e., elon- 

lationship of Phanerophlebia and Cyrtomium to Po- gate, with more acute ends) than those in Cyrtom - 

lystichum. In fae*t, e>ne New World taxon, Polysti- ium and lacked we 4 ll differentiated, five*, ine* hided 

chum dubium (Karsten) Dieds, e>f Andean South veinlets as are found in most spevies of the* latte*r 

America and adjacent Central America, continues to group. Wagner (1979), in a summary of reticulate* 

be placed in Cyrtomium by some authors (e.g., Tryon veins as systematic characters, also noted that the* 

& Stolze, 1991). Although superficially similar to pattern of anastomeises develops differently in the* 

some Cyrtomium and Phanerophlebia species, this two genera. In Phanerophlebia , anastemioses are of 

morphologically variable taxon eleics not appear to be 

a geographically disjunct member of either group, (1979) termed fc ‘discal,' but in Cyrtomium they are 

and is known to hybridize with Polystichum platy- 
phyllum (Willd.) C. Presl in Ecuador (Barrington, Patterns of perispore deposition were said by 
1985). Its classification within Polystichum was be- Tryon and Tryon (1982) te> be* identical in Phaner - 
yond the* scope of the present work, and it remains ophlebia and Cyrtomium . Superficially, the two 

to be studied in greater detail in the future. groups appear similar, but in Phanerophlebia spe*- 


a submarginal ontogenetic type, w 


hich Wagner 



in origin 


Two hypotheses have bee*n suggested to account cies the 4 surface between the inflated folds is smooth 

for the* presence of two morphologically similar to ruguleise and imperforate 4 . However, in tin- seven 


^ * 


s 


plinte 


* * 


4 r genera in 


the Old and New Worlds. species representing Cyrtomium that I studied, tlx 


Christensen (1930) regarded Phanerophlebia and outer perispore surfaces were not only rugulose. hut 
Cyrtomium as independent derivatives from differ- also had lew to many rnieroperforations (fig. i). 

ent polystiehoid ancestors. By this reasoning, the Other evidence for the separate origins of Pho- 
strong similarities Between the two groups would nerophlebia and Cyrtomium comes Irom a phylo- 

reHeet convergent evolution, i.e.. homoplasy. In genetic analysis of restriction site mutations in the 

contrast. Copeland (1947) suggested a single. Asi- ehloroplast genomes of the two genera (Yatskievych 
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Figure 7. Spores of Cyrtomium species. —a. C. ma 
rrophyllum (Mitsutu s.n.), with the very lew mieroperfor 
at ions between the folds not easily seen. —b. C. falcaiun 
(Yatskievych & McCrary the mieroperforation: 

more easily seen. Scale bars = l() pun. 


1988) 


groups of Phaner 


ophlebia and Cyrtomium species were less related 
to one another titan either was to a group of taxa 

re prese n t i ng Poly stick u m . 

Although present evidence supports tin' hypoth- 


• • • m 

esis that Phanerophlebia and Cyrtomium were in 
dependency derived from different ancestral 


groups, the real question that remains unanswered 
is whether either of these derivatives is distinct 
enough to merit recognition as a genus separate 

from Polystichum (Wagner, 1985). Yatskievych 

r 

(1989) suggested that simplification of leaf dissec¬ 
tion is a trend that has occurred repeatedly in dif¬ 
ferent species groups throughout Polystichum. 
laken singly, all ol the characters said to separate 

Phanerophlebia or Cyrtomium from Polystichum 
also occur in other species of that genus. 

The venation patterns in two other Asiatic seg¬ 
regates of Polystichum, CyrtogoneUum Clung and 
Cyrtomidictyum Ching, actually resemble those of 


Phanerophlebia far more closely than do those of 

Cyrtomium. However, Ching (1938, 1957) clearly 
differentiated these segregate genera from Phaner¬ 
ophlebia., Cyrtomium, and Polystichum, based on 
other morphological innovations they possess. Spe¬ 
cies in both groups also have been submerged in 
Polystichum by some subsequent authors (e.g.. Kra¬ 
mer et al., 1990). 

Perispore pattern was cited by Tryon and Tryon 
(1982) as a stable character for separation of Cyr¬ 
tomium (including Phanerophlebia) from Polysti¬ 
chum. I lies** authors felt that the simpler, imper¬ 
forate perispore lacking eolumellae of Cyrtomium 
was more like that found in Dryopteris than the per¬ 
forate or reticulate, often columellate formation 
characteristic of Polystichum. Although tin* peri- 
spores found in Cyrtomium, Phanerophlebia. and 
Dryopteris are remarkably similar, two factors argue 
against placing too much emphasis on this inter¬ 
pretation. first, as noted above, at least some spe¬ 
cies of Cyrtomium possess a perispore with micro¬ 
perforations (Fig. 7). Second, Polystichum contains 
species with a broad range of perispore types. Mitui 
(1973) attempted to classify the perispore types 
found in 40 species of Polystichum . He differenti¬ 
ated eight perispore types, based on differences in 
patterns of ornamentation. Most of the species stud¬ 
ied had reticulate or perforate perispores of varying 
complexity, but a small group possessed what Mitui 
felt to be a derivative perispore type closely related 
to that of Cyrtomium (Figs. 7, 8). 

Polystichum species with imperforate perispores 
are apparently present in both the Old World and 
New World, although few American taxa have been 
examined in detail. For example, the perispore type 
found in Polystichum lemmonii Underw. (Fig. 8), of 
the western United States, is quite similar to that 
of Phanerophlebia species in its relatively compact, 
imperforate outer layer. As noted above, the widely 
scattered papillae on the inner perisporal layer of 
Phanerophlebia species also may represent reduced 
remnants of earlier eolumellae. Further studies in¬ 
volving a large number of tropical American spe¬ 
cies of Polystichum are needed to resolve the pres¬ 
ent ambiguities in our knowledge of perispore 
evolution in the group. 

It is probable that Phanerophlebia and Cyrtom¬ 
ium will eventually be resubmerged in Polystichum. 
In a phylogenetic sense, recognition of these and 
other splinter genera results in a paraphyletic Poly¬ 
stichum, a situation clearly to be avoided. The de¬ 
cision to continue treating Phanerophlebia as a sep¬ 
arate genus in the present work was a difficult one 
and stems from my hesitancy in resubmerging a 
clearly monophyletic unit back into the poorly re- 
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Figure 8. Spores of Polystichum species. —a. P lonchitis (Borrow et al. 2482), showing the reticulate perispore 
commonly associated with the genus. —b. P. niuniturn ( Yatskievych McCrary 84—126 ), with a cristate-microperforate 

perispore. —c. P. lemmonii (D Arcy 2686), with a perispore type similar to that found in Phanerophlebia and Cyrtomiiim. 
<1. P. lemmonii (DArcy 2686), abraded spore, showing smooth exine, rugulose inner perispore, and outer perispore 


with inflated folds. Scale bars 


10 /Lxm. 


solved quagmire that represents our present, lim- ters is most closely related phylogenetically, or 

ited knowledge of classification in Polystichum . even morphologically, to the Phanerophlebia clus- 

Particularly in tropical America, Polystichum com- ter, but we do not have a clear idea how to polarize 
prises a diversity of species clusters whose inter- the state's for the various morphological and other 
relationships have not been studied in detail. We characters separating these groups. Because' no sta- 

not only do not know which of these spec ie's clus- ble infrageneric classification, similar to that of 
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Dai go bo (1972) for Japan, presently exists for the 
New World species, it seems most prudent to avoid 
publishing the new combinations necessary to in¬ 
corporate all of the presently recognized taxa of 

Phanerophlehia into Polystichum. 


Taxonomic Treatment 

Phanerophlehia C. Presl, Tent. Pterid. 84, 1836. 
TYPE: Phanerophlehia nohilis (Schltdl. & 
Cham.) C. Presl (Aspidiurn nobile Schltdl. & 
Cham.). 


Amhlia C. Presl, Tent. Pterid. 184, 1836. TYPE: Amhlia 
juglandifolia (Humb. & Bonpl. ex Willd.) C. Presl 
|= Phanerophlehia juglandifolia (Humh. & Bonpl. 

ex Willd.) J. Sm.J. 

Plants perennial, often long-lived, terrestrial, 
sometimes growing from soil pockets in rock crev¬ 
ices, or epipetrie on rock faces; rhizomes dictyo- 
stelic, scaly, short-repent to erect, sometimes 
branched at maturity, usually covered with persis¬ 
tent petiole bases and adventitious roots; rhizome 


scales unevenly eiliate, the cilia sometimes shed 
during maturation; leaves clustered at apex of rhi¬ 


zome, monomorphie, evergreen; petioles shorter 
than or sometimes longer than laminae, scaly (the 
scales sometimes shed at maturity), with 4-8 vas¬ 
cular bundles arranged in a ring; laminae 1-pinnate 
(rarely simple) with conform terminal pinnae, char- 


taceous to subeoriaeeous; rachises and costae 
usually somewhat scaly with reduced scales. 


grooved adaxially, the grooves ± confluent at junc¬ 
tions; pinnae asymmetrically subeordate to cuneate 
at base, sometimes with an acroseopie, basal auricle. 


spinulose-serrulate along margin, at least distally, 
ovate to narrowly lanceolate, often somewhat falcate, 
lacking triehomes, but with reduced, often hairlike 
scales along veins (these grading into the broader, 
more typical scales along the raehis and petiole); 


venation anadromous (this often difficult to observe), 
pinnate, the veins 1—4-branched, extending ± to 
margin, free or with 1—3 series of marginal anasto¬ 


moses; sori terminal or apparently lateral on veins, 

round, in (l-)2-4 s 


between costa and margin; 
indusia absent or present, if present then peltate, 
with erose margins, persistent at maturity or fuga¬ 
cious; sporangia with 64 spores; spores monolete, 
dark brown; perispore with prominent, inflated folds; 
exospore smooth. Chromosome number: x = 41. 


Key to the Taxa oe Phanerophijcbia 

(the rare, sterile hybrid, P. juglandifolia X P macrosora is not included, hut may key imperfectly to one of its parents) 


la. Ve ins commonly anastomosing toward the margins, in 1—3 series (less frequent in l } . haitiensis ), these some¬ 
times distributed irregularly. 

2a. Sori indusiate (the indusium shriveling at maturity or fugacious); rhizome and petiole scales concolorous, 
reddish brown. 

3a. Lateral pinnae (2—)6—17 pairs; pinna margins spinulose-serrulate nearly to base .. 


6h. Phanerophlehia nohilis var. rernotLspora 


3b. Lateral pinnae 2—4 pairs; pinna margins spinulose-serrulate only in distal half 


3. Phanerophlehia haitiensis 


2h. Sori exindusiate; rhizome and petiole scales bicolorous, with darker, sclerotic centers and lighter margins. 
4a. Petiolar scales not overlapping, 4—6 mm long, with broad, dark, sclerotic centers and narrow, hyaline 


margins; buds absent; spores 30-42 gni long 


2. Phanerophlehia gastonyi 


4b. Petiolar scales usually overlapping, 6— 11 mm long, with dark brown central stripes and lighter margins 
of about equal width; buds often present on raehis in axils of distal pinnae; spores 41-60 paw long 


lb. Veins free, or with a few, rare anastomoses. 


4. Phanerophlehia juglandifolia 


5a. Lateral pinnae 0—3(—5) pairs; leaves usually <40 cm long; broadest petiolar scales <2 mm wide 

7. Phanerophlehia purnita 


51). Lateral pinnae (2-)5—17 pairs; leaves usually >40 cm long; broadest petiolar scales >2 mm wide. 

6a. Petiolar scales stramineous to tan; leaves to 2.7 m long; rhizome scales 10—15 mm long, 5—7 mm 

wide; plants with an unpleasant, skunklike odor when fresh .5. Phanerophlehia macrosora 

6b. Petiolar scales brown or re <l<iish brown (rarely lighter colored with age); leaves to 1.25 m long; rhizome 
scales 2.5—7.5 mm long, l^t mm wide; plants without an unpleasant, skunklike odor when fresh. 

7a. Indusia not shriveled at maturity, ± persistent, with a raised, central projection (umbo) 

8. Phanerophlehia umhonata 

7b. Indusia shriveled at maturity, often fugacious, flat to concave centrally, not umbonate. 

8a. At least some pinnae with a prominent, acroseopie auricle at base; plants of sheltered soil 
pockets in rock crevices and ledges of mesie canyons; SW United States to N Mexico 

.... 1. Phanerophlehia auriculata 

8b. Pin nae rarely auriculate at base; plants of stream banks and forest understory (rarely in 

* • » * r 

sink hoi es or rock crevices); nearly throughout Mexico in mountainous areas 

.... 6a. Phanerophlehia nohilis var. nohilis 
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UC. US). 


1. Phanerophlebia auriculata Underwood, Bull. number, and venation. Sterile specimens of the two 

Torrey Bot. Club 26: 212. 1896. Cyrtomium presumed parents are virtually indistinguishable 

auriculatum (Underw.) C. V. Morton, Amer. morphologically. Phanerophlebia auriculata shows 

Fern J. 47: 54. 1957. TYPE: Mexico. Chihua- no tendency toward umbonate indusia. a (listin- 

hua: cool, damp cliffs, Mapula Mountains, 17 guishing character of P. urnbonata, but does have 

Oct. 1886. Pringle RSI (holotype, NY; iso- a tendency for branched rhizomes, which are coin- 

types, CAS, F, CM, K, LL, MICII. MO. NY, P, mon in P urnbonata, but not produced in P nobilis. 

Flic acroscopically auriculate pinnae of P. auricu- 

lata are not found in P. urnbonata, but can be en- 

Plants not strongly scented; rhizomes to ea. 15 , i n .... e ,, . , 

. . . countered rarelv in /. nobilis. small auricles are 

J 

also encountered commonly in another tetraploid, 
P. pumila , suggesting that this character may arise 
as a side effect of the combination of parental 
nornes giving rise to these allopolyploids. 

Representative specimens. ll.S.A. Arizona: Coeliisc 
County, short canyon near mouth of Garden Canyon, 1 hi- 
achuca Mountains, Goodding 162—50 (AHIZ, MICH): Gila 
County, SK wall of Parker Canyon, Sierra Ancha, Wind- 

j » 

ham 0I09H (ASC); (iraham County, Aravaipa Canyon, in 
the "Box" below klondyke, Phillips X' Reynolds 2916 
(AR1Z, CAS, GH, US); Maricopa County, north canyons. 


mm diam., <h k t‘ply seated in substrate, short-repent 
to ascending, sometimes branched at maturity; rhi¬ 
zome scales 3.5—7.5 mm long, mm wide, ovate 
to elliptic-lanceolate, eiliate, coneolorous, brown 
(rarely lighter colored with age); leaves 1 ()—()()(—75) 
cm long (very short leaves sometimes fertile); pet¬ 
ioles shorter than to nearly as long as laminae; pet- 
iolar scales sometimes deciduous, dense and over¬ 
lapping, much like rhizome scales, the broadest ca. 

4 mm wide, grading into reduced, hairlike struc¬ 
tures above; pinnae (2—)5—12 pairs, to 9 cm long, 

ovate to lanceolate, usually falcate, the apex usu- ^ u P ers,ition fountains (Nodding 6146 > (AKIZ); Pima 

County, near trie top and on the IN side ol Mt. Banoquivari, 
Gould, Darrow & Haskell 27RH ( AKIZ); Santa Cruz Conn- 


ally attenuate, the base obliquely cuneate to sub- 

cordate and usually with a prominent, acroscopic t y. Sycamore Canyon. Pajarito Mountains, T. A V/. Van 

auricle (at least some present on every plant), rarely Devender s.n. (ARIZ); Yavapai County, Boynton Canyon, 

W of Sedona, Denver 47HH (AKIZ, ASC); Yuma County 
deep narrow canyon, kofa Mountains, Goodding X lHack 
ley F-9-39 (MICH, US). New Mexico: Dona Ana County, 


irregularly incised, the margins spinulose-serrulate ^ of Sedona, l)eaver^478R^( AKIZ, ASC), \unia^ (anintv, 
nearly to base; buds absent from axils of distal pin¬ 
nae; veins free, 1—3-branched; sori in 2^1 series j ce Canyon, Organ Mountains, Worthington 7679 (AKIZ, 

between costa and margin; indusia ().f>—0.9 mm NY, UTEP); Socorro County, Luna Park Campground, San 

diam., membranous, Hat or concave centrally, not 
umbonate, shriveled at maturity; spores 41—60 gm 
long. Chromosome number: n — 82. 


Mateo Mountains, Reeves et al. HR-1 (NMC). Texas: Cul¬ 
berson County, Victorio Canyon. E margin of Sierra Dia¬ 
blo, Johnston , Wendt X' Chiang C. 10728 (CAS. EL): El 

Paso County. Hueco Tanks, Hueco Mountains. Water/all 

J 


mi. N of Alpine, Warnork 21779 (LL). MEXICO. Chihua¬ 
hua: vicinity of village of Majalca, Correll & Johnston 

21772 (LL. LIS). Goahuila: Canon de Calahasa. Sierra 


MICH, NY). 


f »i A . c *ii i rv** 6635 (GH, MO, NY); Jeff Davis County, Rose Canyon, 15 

illustrations. See original description; also Ditt- . rvi v f AI . w _ A yiwn i\ \ \ mcvu /i r Ya...«_ 

mer et al. (1954: 38), Knobloch and (Morrell (1962: 

164, pinna), Mickel (1979: 163). 

Phanerophlebia auriculata grows in soil pockets Mojada, Stewart 2I9R (GH, LL). Sonora: Canon de Bav- 

in rock crevices (usually granite or (juartzite); it is ^, re f v >n of IUo ,lr Bavis l M *' Phllll f ,s 546 (A,{,Z - (;,L 

restricted to mesie, sheltered ravines and canyons, 
in oak and pine-oak forests; 600—2300 m; south¬ 
western l nited States (Arizona, New Mexico, Tex¬ 
as) and northern Mexico (Chihuahua, Coahuila, So¬ 
nora) (Fig. 6). Clausen's (1949) report of this 
species from Nuevo Leon was based upon misde- 
termined specimens of P. urnbonata . 

Isozyme studies (Yatskievych, 1990; Yatskievych 
& Gastony, 1987) have indicated that Phanerophle¬ 
bia auriculata is an allotetraploid taxon. An ex¬ 
amination of ehloroplast DNA variation in the s e - 


2. Phanerophlebia gaslony i Yalskievvc h. N ovon 

2: 445. 1992. TYPE: Mexico. Chiapas: ca. 13 

km NW of Bemozahal, limestone outcrops iu 
evergreen tropical hardwood forest, elevation 

1000 m, 15 July 1985, Yatskievych , Gonzalez 
L, Ranker, G. Starr <£ C. Starr HS—1H2 (holo¬ 
type, MO; isotypes. AR1Z. CHAI’A, INI). 


MEXU, NY, UAMIZ. 


T y ^ 



: . 


F’lants not strongly scented; rhizomes to ca. 5 mm 
nus (Yatskievych, 1988) implicated the diploid P. diam., superficial on substrate, short-repent, not 

nobilis as one potential parent. Based on morpho- branched at maturity; rhizome scales 2..5-4.5 mm 

logical characters and distribution, the diploid P. long, 1.5-2 mm wide, ovate to elliptic-lanceolate, 

urnbonata appears to he tlit* most likely extant can- eiliate, bieolorous with broad, dark, sclerotic ccn- 

didate for the other parent. These three taxa are ters and narrow hyaline margins; leaves to 45(-55) 

very similar in details of leaf shape and size, rhi- cm long; petioles slightly shorter than to usually 

zome and petiolar scale shape and coloration, pinna longer than laminae; petiolar scales usu; dly decid- 
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figure { ). Phanerophlebia gastonyi (a—c) and P. nobilis var. remotispora (a —r ). —a, a\ Representative leaves. — 
h, l>'. Details ol pinnae showing venation, sori, indusia, and pinna margins. —c, <•'. Representative series of petiolar 
scales, (a—c from Yatskievych el al. 85—182 ; a'-e' from Yalskiet'ych 85—l8().) 


nous with ago, mostly not overlapping, much like base obliquely ouneate to rounded, sometimes 

rhizome scales, the broadest 2 mm wide, the re- nearly equilateral, the margins entire to slightly un- 

duoed hairlike structures uncommon among the dulate proximally, spinulose-serrulate only in distal 

broader scales; pinnae (0—)l—3(—4) pairs, to 12(— half; buds absent from axils of distal pinnae; veins 

15.5) cm long, ovate to lance-ovate, sometimes with 1—3 series of regular marginal anastomoses, 

somewhat falcate, the apex acute to attenuate, the 2-4-branehed; sori in (1 —)2—^4* series between costa 
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and margin; sori exindusiate; spores 30-42 /Am dusia 0.7—1.1 mm diam., membranous, flat or eon- 


long. Chromosome number: n 


41. 


Illustrations. figure 9a—e; see also Miekel and 

Beitel (1988: 520, as P. juglandifolia). 

Phanerophlebia gastonyi grows in moist soil, less 
commonly on fissured limestone rock faces, in 
shaded understory of cloud forests and montane 


cave centrally, not umbonate, shriveled at maturity; 
spores 35—56 pun long, often lacking a well-developed 
perispore. Chromosome number unknown. 

Illustrations. See original description. 
Phanerophlebia haitiensis grows on protected 

limestone cliffs; 2000—2500 m; Central America 


rainforests; 900-2200 m; southern Mexico (Cilia- < Guatemala ' Honrluras). Haiti (Fig. 10). 

' ' v r ■"' 1 1 • 1 • • 


pas, Oaxaca, Veracruz) (Fig. 10). 


This perplexing taxon is apparently of hybrid or- 


J . l ni li i * , i i igin, based on its irregularly sized spores with re- 

Specimens of Phanerophlebia gastonyi nave been & y. ’ . . , 

. . . a i i • i D • / rr r duced perispore deposition and its irregularly anas- 

ldentihed by previous workers as r. jugiandijolia , 1 \ 1 


but molecular studies (Yatskievych et al., 1988) have 
identified it as a progenitor of that species. The two 
taxa are very similar morphologically, but (‘an be 


separated by the characters included in the key. Dip¬ 
loid P. gastonyi is treated here at species rank, rath¬ 
er than as a variety or subspecies of R jugiandijolia , 
because isozyme studies (Yatskievych, 1990; Yat¬ 
skievych & Gastony, 1987) have suggested that the 
latter, tetraploid taxon is of allopolyploid origin, with 
the other diploid parent not yet identified. 


tomosing veins. Examination of stomates from a 
cleared pinna fragment indicates a size range in 
agreement with polyploid taxa in the genus (see 
previous discussion). It has not been re-collected 
in Haiti since Ekmans original specimens (both 


from the < 


locality). John T. Miekel (pers. 
comm.) has searched for this species and failed to 


locate it. It is therefore presumed extinct there. 

Single collections from Guatemala and Honduras 
(see below and Fig. 10) share with the Haitian col¬ 
lections the irregularly anastomosing venation and 


Representative specimens. MEXICO. Chiapas: 13 km spores of variable size with apparently reduced per- 

N of Berri6zahal, Breedlove & Smith21652 (DS, F, MICH, is pore deposition. Fhe Guatemalan collection pos- 

NY). Oaxaca: trail from San Pedro Molaseo N to the Lla- sesses few mature sporangia, however, and plants at 

no Verde, Miekel Sc Hellwig 3786B (NY). Veracruz: ca. i y reauire further study Smith (1981) sug- 

12 km S of Misanlla, Conant 726 ((41, MEXU). lh,S , ' ty . , Y ' . ' . *. 

gested affinities between this species and /. liruienu 

E. Foum., which is here treated as a synonym of P. 

w w 

purnila (M. Martens & Galeotti) Fee. See the treat¬ 
ment of the latter species for further discussion. 

Specimens examined. HA IFF Massif de la Selle, Croix 
des Bouquets, ravine between M. Merillon (‘I M. Bad eau. 

type locality, Ekman 7798 (F, GH, MICH, NY, US). GUA¬ 
TEMALA. Huehuetenango: km 324^325 on Buta Na- 
cional 9N between Chemal and San Juan Ixcoy, Sierra de 
los Cuchumatanes, Beaman 8056 ((ill, FEX, DC). HON- 
DUBAS. Santa Barbara: 7 km N of El Mochito on \\ 


3, Phanerophlebia haitiensis C. Christensen, 
Kongl. Svenska Vetenskapsakad. Handl. Ill 
16: 42 + pi. 10, figs. l^L 1937. Cyrtornium 
haitiense ((7 Chr.) C. V. Morton, Amer. Fern J. 
47: 55. 1957. TYPE: Haiti. Massif de la Selle, 

Ganthier, Badeau, deep gulch above Badeau, 

alt. 2000 m, 28 Jan. 1925, Ekman 8119 (ho- 
lotype, S; isotypes, BM, US). 


Plants not strongly scented; rhizomes to ea. 10 slo P es ,,f San,a Mdr,,ara ’ Moran 5706 <M()) ‘ 

mm diam., apparently deeply seated in substrate. 4 Phanerophlebia juglandifolia (Humboldt & 
short-repent to ascending, not branched at maturi¬ 
ty; rhizome scales 4.5—7.0 mm long, 2^1 mm wide, 

ovate to elliptic-lanceolate, erose-denticulate, with 
few, short cilia at base, concolorous, brown (rarely 

w ' V w 

lighter colored with age); leaves to 50 cm long; pet¬ 
ioles slightly shorter than to longer than laminae; 
petiolar scales usually deciduous, loosely overlap¬ 
ping, much like rhizome scales, the broadest ca. 3 
mm wide, grading into reduced, hairlike structures 
above; pinnae 1—4 pairs, to 9 cm long, lanceolate 
to lance-ovate, usually falcate, the apex acute to 
attenuate, the base unevenly cuneate and lacking 
an acroscopie auricle, the margins sometimes 
slightly undulate, spinulose-serrulate in distal half; 
buds absent from axils of distal pinnae; veins with 
irregular marginal anastomoses, 2—3-branched; sori 
in 1 —2(—3) series between costa and margin; in- 


Bonpland ex W illdenow) J. Smith, J. Bot. (Hook¬ 
er) 4: 187. 1841. Polypodium juglandifolium 
Hum!). & Bonpl. ex Vt illd., Sp. PI. (ed. 4) 5: 

195. 1810. Arnblia jugiandijolia (Humb. ik 

Bonpl. ex Willd.) C. Presl, Tent. Pterid. 185. 
1836. Aspidium juglandifolium (Humb. & Bonpl. 
ex Willd.) Kunze ex Klotzsch, Einnaea 20: 363. 
1847. Cyrtornium juglandijolium (Huml>. & 
Bonpl. ex Willd.) T. Moore, Index Fil. lxxxiii. 
1857. Dryopteris jugiandijolia (Humb. & Bonpl. 
ex Willd.) Kuntze, Revis. Gen. PI. 2: 813. 1891. 
Polystichum juglandijolium (Humb. & Bonpl. ex 
Willd.) Diels in Engler & Prantl, Nat. Pflanzen- 

fam. 1(4): 191. 1899. TYPE: Venezuela. Mona- 

gas: Caripe, Humboldt & BonpUmd s.n. (holo- 
type, B—Herb. Willd. 19688, sheets la, lb; 
isotypes, P, NY (fragment)). 
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Figure 10. Distributions of Rhanerophlelna gastonyL R haitiensis , R. juglandifolia, and R. macrosora , based upon 
herbarium specimens examined. 


Plants not strongly scented; rhizomes to ca. 7 mm pi. 350-360. pinna), Vareschi (1969: 368, pinna); 
diam., generally deeply seated in substrate (some- Stolze (1981: 166, as Cyrtomiurn juglandifolium). 


times superficial), short-repent to nearly erect, not 


Phanerophlebia juglandifolia grows in moist soil 


branched at maturity; rhizome scales 6.0—10.5 mm of ravines and slopes, associated with limestone or 

long, 3—5 mm wide, lanceolate, eiliate, bicolorous volcanic substrate, in rainforests and evergreen 

with broad or sometimes narrow, dark brown, some- cloud forests, rarely in pine-oak forest; (350-)700- 

wliat sclerotic centers and hyaline margins as wide 

as centers or narrower; leaves to 60(—85) cm long; 

petioles shorter than to slightly longer than lami- throughout Central America, to Colombia and Ven- 
nae; petiolar scales subpersistent, overlapping and 


2700 m; (‘astern and southern Mexico (Chiapas and 
disjunct ly in Hidalgo and Veracruz), nearly 


often dense, much like rhizome scab's, the broadest 


ezuela (Fig. 10). 

Previous workers were unaware that Phanero- 


1 mm wide, grading into reduced, Imirlike stoic- f> hlebia juglandifolia, as traditionally cireum- 


tures; pinnae 2^f(—6) pairs, to 17.5 cm long, ovate 


sc ribt mI, was a heterogeneous mixture of a wide- 


to lance-ovate, usually somewhat falcate, the apex sprea( j, allotetraploid taxon (to which the type of 
attenuate, the base obliquely cuneate to rounded, ,| lis name oan Ue aser ibe(l) and one of its diploid 
the margins often slightly undulate prox.mally, spi- progenilor ^ whirh is , iere treated as /, ga stonyi 


nulose-serrulate in distal half or more commonly in 

m 

distal two-thirds; buds present on at least some 
leave's in each population, the' gemmae in axils of 
distal pinnae (rarely in axils of more proximal pin¬ 
nae); veins with 1—3 series of regular marginal 
anastomoses, 3—5-branehed; sori in 2—4(—5) series 
between costa and margin; sori exindusiate; spores 
41—60 /mi long. Chromosome number: n 


82. 


Illustrations. Humboldt et al. (1825, 7: pi. 665, 


Unfortunately, the' identity of the other parental tax¬ 
on remains unclear. Compounding the problem of 
morphological circumscription of P. juglandifolia 
was the discovery of rare, naturally occurring hy¬ 
brids between this species and R. macrosora. These 
hybrids, which are apparently restricted to the 
mountains of central Costa Rica, are sterile trip- 
loids of intermediate morphology, and were rela¬ 
tively commonly encountered in the single site 


as Polypodium jug/andi/ohum), Underwood (1899: where I was abb* to observe these plants. They an 
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morphologically variable, though most are robust 
plants with the overall aspect of V. macrosora. They 
can be separated from both parents by their some¬ 
what smaller, bicolorons, petiolar and rhizome 
scales, irregularly anastomosing venation, highly 

reduced or absent indusia, and malformed spores 
(many of the sporangia also aboil early in their de- when fiesh, rhizomes to (a. 20 mm diam., de* ply 

velopment). The only specimens seen that represent s ^ated in substrate, erect or ascending, unbranched 

this hybrid are both from medium elevations maturity; rhizome scales 10—15 mm long, • 

(1700—2000 rn) in the volcanic mountains of central 


Phanerophlebia guatemalensis Underw., Bull. Torrey Bot. 
Club 26: 214. 1866. TYPE: (Guatemala. Quiche: San 
Miguel Upsantan, alt. 7000 pp., Apr. 1802, Heyde 
S Lux s.n. |herb. J. Donnell-Smith 32411 (holotype, 
NY; isotypes, GH, P, PS). 

Plants with a strong, unpleasant, skunklike odor 


n — 

4 


scales, the broadest ea. 7 mm wide, mixed w ith 
reduced, hairlike structures above; pinnae (4—)6— 
17 pairs, to 27 cm long, narrowly oblong-lanceo¬ 
late, occ asionally slightly falcate, the apex attenu¬ 
ate*, the* base obliquely cuneate to rounded and 
lacking an aeroscopic auricle, the margins spinu- 


of distal pinnae; veins free, 3—4-branched; sori in 
2—^1 series between costa and margin; indusia 04>— 
1.1 mm diam., membranous, flat or concave een- 


mm wide, ovate to lance-ovate, erose-ciliate, con- 


Costa Kira (Alajuela. I.a Ventolera, on S slope of oolorous (rarely with a slightly darkened central 
Volean de Pods, Starulley 34531 (GH, US); Here- area); leaves 0.7-2.7 in long; petioles shorter than 
dia, 2 km SE of Sacramento on hwy. 1 14 from San to nearly as long as laminae; petiolar scales persis- 

W 

Jose de la Montana. S slope of Volean Barva, Yat- tent, dense and overlapping, much like rhizome 

skievych <£• McCrary 86—31a (CK, INI). MO, N\ )). 

Representative specimens (of P. juglandijol- 
ia ). MEXICO. Chiapas: above Finea Cuxtcpee. mpo. 

Angel Albino Corzo, Breedlove S: Strother Uudl (CAS). 

Hidalgo: 8—6 krn N de Isrnolintla, mpo. Molango, Her¬ 
nandez /W., Cortes S Hernandez M. 5916 (MEXl), MO). 

Veracruz: hacia el arroyo Toluca, desde la vereda que va 

a Tzimentey. mpo. Huayacocotla, Palma G. 67 (X AL). losc-sernilate nearly to base; buds absent from axib 
GUATEMALA. Alta Verapaz: trail between Sepacuite 
and Secaquim, Maxon S Hay 5289 (US). El Quiche: 
mountain slopes S of Nebaj, Proctor 25075 (I)S, EE. TEX. 

US). Escuintla: between Santa Marfa de Jesus and Palm, 

Standley 61200 (F). Huehuetenango: above San Juan 
Ixeoy, Sierra de Cuchumatanes, Steyermark 50026 (E, US). 

m ■ 

Quetzaltenaiigo: along road between Ea Finea Pirineos 

and Patzulfn, Standley 87078 (F, US). San Marcos: I mi. 

* 

above Alrica, ea. 3.3 mi. above Finea Armenia above San 
Rafael, Croat 10940 (MO). EE SALVADOR. Santa Ana: 

NE slope of Cerro de los Naranjos, Tucker 1288 (BH, GH. 
k, EE, MICH, NY, US). HONDURAS. Lempira: Celaque 
National Park, trail from Camp I to Rfo Naranjal. Moran 
5565 (MO). Santa Barbara: Cerro Santa Barbara. 10 km 
E de Eago Yojoga, Clewell & Hazlett 2975 (MO). NICA¬ 
RAGUA. Matagalpa: Valle Palcila, Moreno 7014 (MO). 

Jinotega: Cerro (dale, SW of Jinotega, Starulley 10468 
(E. US). COSTA RICA. Alajuela: Tapesco de Eaeero, Al¬ 
faro Ruiz. Smith 1462 (GH, NY). Cartago: Carpintera, 

Hrade S' Brade 52 ((ill). Heredia: P orrosatf de Barva, 

Gdniez 22207 (CR). Puntarenas: Monte Verde, around 
community along Rfo Guacimal below Lecherfa, Hummel 
S Trainer 12825 (MO). San Jose: along Quebrada lab- 
lazo and on forested slope above ereek, NE part of Altos 

Tahlazo, Gray urn S Schulz 5166 (MO). PANAMA. Chi- 

riqtu: 12 mi. from Cualaoa on road to Cerro llornito, 

Antonio 1752 (MO). VENEZUELA. Distrito Federal: 

Cerro de Avila, Quebrada (ihacaito, Manara s.n. (MO). 

COLOMBIA. Oundinaniarca: Salto de lecpumdam, Bo¬ 
gota, Voyage de J. Triana 61 (P). Magdalena: Sierra de 
FVrija. 10 km ENE of Manure, 3 km from Venezuelan 
border. Grant 10799 (GH). 


trally, not urnhonate, shriveled at maturity; sport k s 
41—(>0 gin long. Chromosome number: n = 41. 

Illustrations. Smith (1981: 330), Stolze (1981: 

166, as Cyrtornium macrosorum ), Miekel and Bcilcl 

(1988: 520). 

Phanerophlebia macrosora grows in moist soil in 
niesic ravines and on shaded slopes, usually with 
igneous or volcanic substrate, in montane rainfo¬ 
rests and cloud forests, rarely in oak forests; 1800— 

w 

3200 m; eastern and southern Mexico (Chiapas, Hi¬ 
dalgo, Oaxaca, Veracruz), through Central America, 
to western Panama (Fig. 10). 

This interesting species is easily recognized by 
its large, coarsely divided, brittle leaves with a 
thick, coriaceous texture, by its densely and per¬ 
sistently scaly petioles, and by its pronounced 
skunklike odor (first brought to my attention hv 
John T. Miekel). Ellis pungent, disagrees ihlc o< lor is 
noticeable from more than 10 m in the field and 
can be an aid in locating plants. The compounds 
responsible disappear during drying and have not 
been identified, although some mixture of volatile 

5. Phanerophlebia macrosora (Baker) Under- ,<M V is suspected. The species is of further 


wood. Bull. Torrey Bot. Club 26: 213. 1800. 

w 

Aspidiurn juglandijolium (Numb. cX Bonpl. ex 
W ilid.) Kunze ex Klotzseh var. macrosorum 

Baker, J. Bot. 25: 25. 1887. Cyrtornium ma- 

•r 

crosorum (Baker) C. V. Morton, Amer. Fern J. 


interest within the genus (and among ferns in gen¬ 
eral) for its geniculate petioles. The petiole bases 
deviate nearly horizontally from the deepset, nearly 
erect rhizomes, then curve upward, but the laminae 
are again oriented nearly horizontally. File leaves 


47: 55. 1957. TYPE: Costa Rica. Without fur- thus h ave a pronounced sigmoidal curvature at rna- 
tlier locality, 1886(?), Cooper s.n. (holotype, k; turitv. 


isotypes, GH, NY (fragment), US). 


For a discussion of the rare, sterile hybrid be- 
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tween this species and Phanerophlebia juglandifol- and margin; indusia 0.6-0.9 mm diam.. memhra- 


/«, see the treatment for that species, above. 

Representative specimens. MEXICO. Chiapas: SW 
side <>t ( lerro Mozotal, II km NW of junction of road to 
Motozintla along road to Kl Porvenir, Breedhwe 41713 
(DS). Guerrero: Kl Asoleadero, 15 km W de Caniotla, 
Rzedowski 18531 (KNCB). Hidalgo: Kl Potrero, carretera 
Metepec-Tenango de Doria, Gimate L 975 (KNCB, K 


nous, Hat or concave centrally, not umbonate, shriv¬ 
eled at maturity; spores 41-60 /xm long. (Chromo¬ 


some number: n 


41. 


Two varieties are separable based on differ¬ 
ences in venation. These were accorded specific 
rank by earlier workers, based on the view that 


MhXD, NY). Oaxaca: 26—29 km Nh of Teotitl&n del reticulate versus free venation was a character of 

Camino, vicinty of pass at I to. Soledad, Mukel & Hellwig fundamental importance in the classification of 

415 6 (Ni). Veracruz: l,a Pamluru, camino del Ingenio f> . . . . . , , 

/ naneropnlelna species. I lie discovery that there 



from chloroplast I)NA analyses, which also sug¬ 
gest a close affinity between the two (Yatskievyeh 
et al., 1088). Phanerophlebia remotispora has pre¬ 
viously been classified closer to P, ! juglandifolia 


d Rosario a Xieo, mpo, Xieo, ISarave F 319 (XAL). 


(JUATKMALA. ( Jiimaltcnango: 8 km S of Acatenango, 110 other morphological characters that reliably 

Madison 570 ((ill). Kl Progreso: between Kinca Pia- separate these two taxa correlates with results 
monte and top of Montana Piamonte, along Joya Pacayal, 

Steyrrmark 43709 (K, US), (^iielzaltenango: slopes of 
Volccin de Zunil at and above Aguas Amargas, Standley 
05420 (K). San Marcos: slopes of Cerro Tumblador, ca. 

15 km W of San Mar<*os, Williams , Molina K. & Williams 

23058(VS). Solala: Volcan San Pedro. N-facing slopes to- than to P. nohihs , based on the assumption that 
ward I .ago de Atithln, above v illage of San Pedro. Stey- 
ermark 47248 (l)C). Siicliite|HW]uez: Volcdn Santa Clara, 
between Kinca Kl Naranjo and upper slopes, Steyermark 
40717 (K, DS). KL SALVADOR. Chalatenango : Cerro Kl 
Pital, Seiler 418 (K). COSTA RICA. Cartago: road up 
Volefin Irazu, 0.5 mi. above Sanatorio Duran, ca. 9 mi. 
above Cartago, Kosshaeh 3079 (CH). Heredia: N of He¬ 
redia, ca. I km beyond Porrosatf, Lellinger & White 1079 
(K, DS). Puntarenas: upper Rfo Burn, G6mez , Chacdn , 

Chaedn & Herrera 2l47i2 (CR, MO). San Jose: Forets du y s <‘ s also indicated that retieulate venation has 

Copay, Tonduz 11930 (DS). PANAMA, (.hiriqiu: Volciin arisen independently twice in the genus (Yatskiev- 

de Chiriquf, 7.3 + mi. from Boipiete, Armond 534 (CAS, p | a | 1988) 

The varietal designation is here used for two ap¬ 
parently interfertile moqihoty|>es within a species, 
lacking sharp biogeographic discontinuities, and 
which are separated only by a single morphological 


reticulate venation had arisen only once in the 
group. Studies contrasting P. juglandifolia and P. 
re mot is porn (Yatskievyeh, 1690; Yatskievyeh et 
al., 1088) showed that these two taxa are consis¬ 
tently and readily separable using morphological, 
isozyrnic, and chloroplast genomic characters. It 
is of interest that data from chloroplast DNA anal- 


K). 


6. Phanerophlebia nohilis (Schlechtcndal & 
Chamisso) C. Presl, lent. Pterid. 85. 1836. As - 


pi dium no bile S< hltdl. & (.ham., Linnaea 5. character whose genetic basis remains unknown. 

610. 1830. Cyrtomium nobile (Schltdl. & The two varieties of Phanerophlebia nobilis are 

Cham.) I. Mooic, Intlex HI. lxxxiii. 1857. sympatrie throughout much of Mexico, except for 

IYPE. Mexico. Veracruz. Hacienda de Lagu- the absence of variety remotispora in the north- 


na, Oct. 1828, Sehiede s.n. (holotype, HAL). 


western portion of the species* range, but the two 


’lanls not strongly scented; rhizomes to ca. 15 varietit ‘ s have not often h growing togeth- 


er (see below). 


mm diam., erect or ascending, usually unbranched 

at maturity; rhizome scales 3.5—7.5 mm long, 2-4 

mm wide, ovate to elliptic-lanceolate, denticulate ^ a * Phanerophlebia nohilis var. nohilis 
or deciduously ciliate, eoncolorous, brown; leaves 


to 1.2 m long; petioles shorter than the laminae; 
petiolar scales sometimes deciduous, dense and 
overlapping, much like rhizome scales, the broad¬ 
est ca. 4 mm wide, grading into reduced, hairlike 


Venation free, or with a few r , rare anastomoses. 

Illustrations. Kunze (1844: pi. 67, as Aspidium 
bile)* Miekel and Beitel (1688: 517). 

Phanerophlebia nobilis var. nobilis grows in moist 


structures above; pinnae (2—)6— 1 i pairs, to 1 1 cm soil, rarely on rock faces (in sinks), with limestone, 

long, lanceolate to linear-lanceolate, usually at least igneous and volcanic substrate; shady, mesic ra- 

somewhat falcate, the apex attenuate, the base vines in oak, pine-oak, pine, or pine-fir forests, 

obliquely euneate, rarely subcordate and with an rarely in cloud forests, often associated with Alnus* 

acroseopic auricle, the margins spinulose-serrulate or other streamside trees; IOOO-28(X)(-32(X)) m; 

nearly to base; buds absent from axils of distal pin- Mexico (Chiapas, Chihuahua, Distrito Federal, 


nae; veins free or with 1—3 series of areoles toward Guerrero, Hidalgo, Jalisco, Mexico, Michoacdn, 
the margin (these sometimes distributed irregular- Morelos, Oaxaca, Puebla, OuertMaro, San Luis Po¬ 
ly), 1— 3-branched; sori in 2—4 series between costa tosf, Sonora, Tamaulipas, Tlaxeala, Veracruz), to b<* 
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Figure II. Distributions of Phanerophlebia nobilis var. nobilis anil var. n-inolispora, based upon herbarium speei 
mens examined. 


ence o( elevatinual ranges between the two vari< 


ft _ 


Representative specimens. MEXICO. Chiapas: Ml. 
Male, near Porvenir, Matuda 4688 (IX. MO, NY). Chi¬ 
huahua: Sierra Charueo, Arroyo Hondo. (Gentry /088 
(AR1/, DS. MEXll, MICH, US). Distrito Federal: Can¬ 
ada de Contreras, eerea del Primer Dinamo. Rzedoivski 


expected in all states except the Yucatan penin¬ 
sular lowlands and the Baja California Peninsula ties. 

(Fig. 11). 

The single collection known from Chiapas is 
morphologically atypical and was ascribed to Pha¬ 
nerophlebia macrosora by Smith (1981), who also 

noted its odd morphology. A single specimen la¬ 
beled as having originated from Brazil (Rio Grande 2/212 (l)S. KNCR. h IX. MICH). Guerrero: d2-40 km 

do Sul, Porto Alegre. Gebiiseh unter <ler Rua da >*>' W » f O.ilpancingn, near and above l;|m|>«*r t««n 

Independencia, Reineck s.n. ((,11)) either represents ^ 4 km N (|e T | ahlM .| ompu , m(M , Zac.iallipan, Riba 66 

an escape from cultivation or more probably a mis- (MKXU). Jalisco: I km above settlement of Kl Isote. in 

pine-fir zone above Jazmm. N\\ slopes of Nevada de (Co¬ 
lima. McVaugh 10128 (MKXl . MICH. MO, l S). Mexico: 
3 km K de San Rafael, mpo. I lalmarialeo, Cruz C. lb 10 
(KNCR). Michoanin: (aiineho |Cointzio|, pres Mor elia. 
Arsene s.n. (F, OH. P). Morelos: Cerro de Kl Tepozteco, 
mpo. lepoztlan. Camacho C. 10- 58 (KNCR). Oaxaca: 
trail from San Pedro Nolaseo N to the Kl atm \< *rd(‘. Mi eke l 
ct Hell trig 3786a (NY). Puebla: Puente del Kmperador. 
Lyon net 3240 (MKXl . US), (^ueretaro: Agua Blanca, 10 
km S de Pinal de amoles. Fernandez & Zarnudio 002 


labeled specimen (Alan R. Smith, pers. comm.). 

Plants of this variety tend to have somewhat 
shorter leaves (to 75 cm) than those of variety re- 
motispora and commonly have fewer than 10 pairs 
of lateral pinnae. These differences disappear un¬ 
der common greenhouse culture, and are probably 
under environmental rather than genetic control. In 
central and southern Mexico, variety nobilis is often 

J 

found at somewhat higher elevations and in conif- (MO). San Luis Potosi: in montibus San Luis I’otosb 
erous forests, although there is nearly total congru- Scha/fner s.n. (NY). Sinaloa: 2.8 mi. NF, of Kl Paraiso. 
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{>() mi. SW ol Kl Salto, road hrtween Durango, Dgo. and Highway, 21 km N ol Oaxaca, HeUwig 361 (NY). Puehlu: 
Villa Union, Sin., Ownhcy iV (turnkey (OH. US). So- Villa Juarez, Rika s.n. (MKXU). San Lui* Potosi: km 


nora: Curohui, Rfo Mavo. (Gentry (A It I/, (ill. MO. 
DC). Tainaiilipas: above Casa Piedra on trail to Agua del 


INK del Kjido dr Xilitlilla, mpo. Xilitla, Rzedowski 10571 
(KNCB, NY). Veracruz: near Fortfn above hydroelectric 

» w 

Indio, region of sierra de Guatemala, ea. 7 km WNW of plant of Cerveeerfa Moete/uma. Croat 50411 (MO). GUA- 

Gomez Farias, Johnston 12777 (TEX). Tlaxcula: flax- TKMALA. Alla Verapaz: along road to Kl Kster (Inigo 

eala, pn\s Puebla, Nicolas s.n. (A. K, (ill, K, MKXU. Izabal), 2 mi. K ol Highway 14 to Cobiin, Croat 41442 

MICH, MO, P, DC, US). Veracruz: head of Orizaba Val- (CR, MO). Kl Ouiche: falls of Rfo las Violetas, 2.5 mi. 


ley, Cofxdand s.n. (OH, MKXU, MICH, P, UC). 


(>h. Phanerophlchia nohilis var. remolispora 

(E. Fournier) Yatskievyeh, Novon 2: 446. 

A * w 

1962. Phanerophlebia remolispora E. Eoiirn., 

Mexit‘. PI. 1: 1(K). 1872. Cyrtomium remoti- 
sporum (K. Founi.) C. V. Morion, Airier. Fern 
J. 47: 54. 1657. T\ PE: Mexico. Veracruz: Ori¬ 
zaba, Izbuatlancillo | Ixlmathmcillo|, Aug. 

1865—1866 [sheet at K = 20 May 1866], 

Bourgeau 2340 (holotype, P; isotypes, BM, 

(ill, K, MICH, MO, NY, P, US). 

Venation commonly anastomosing toward the 

margins, with 1-3 series of areoles, these some- Orizaba, Usher s.n. (MO), 
times distributed irregularly. For further eompari- 


N of Nelmj, Proctor 25446 (KL. US). 

The two varieties of Phanerophlebia nohilis have 
only rarely been collected in mixed populations or 
at adjacent sites. Specimens ol intermediate mor¬ 
phology are also occasion* illy encountered. These 
are characterized by pinnae with irregularly anas¬ 
tomosing venation, the areolae lew and not distrib¬ 
uted into a regular, marginal series. Such specimens 
appear to have well-formed spores. Intermediates 
between variety nohilis and variety remolispora in¬ 
clude: 


MEXICO. Miehoaean: Cuineho |Cointzio], Rfo ( irari¬ 
de, vie. of Morelia, Arsine 596/ (OH, MO, US). Veracruz: 


son w ith variety nohilis see treatment of that variety, 
above. 


Illustrations. Figure 6a' 


» • 


see 


ah 


so 


Stolzt 


(1681: 166, as Cyrtomium remotisporum ), Mickel 
and Beitel (1688: 520. as Phanerophlebia remotis- 
pora). 

Phanerophlebia nohilis var. remolispora grows in 
moist soil, rarely on rock faces (in sinks), with lime¬ 
stone, igneous and volcanic substrate, in mesic ra¬ 
vines and on slopes, in oak, pine-oak, and [line 
forests, cloud forests, loss commonly in montane 
rainforests or deciduous or subdeciduous forest as¬ 
sociations; also found along brushy roadsides, in 
overgrown coffee plantations, and in some dis¬ 
turbed or secondary forests; (300—)600—2300 m; 


7. Phanerophlebia piimila (M. Martens & Cal- 
eotti) Fee, M£m. Foug. 5: 282. 1852. Aspidium 
pumilum M. Martens & Galeotti, Nouv. M^rti. 
Acad. Boy. Sci. Bruxelles 15: 64 + pi. 17, fig. 
I. 1842. Cyrtomium pumilum (M. Martens & 
Galeotti) C. V. Morion, Amer. Fern J. 47: 54. 
1657. TYPE: Mexico. Oaxaca: Llano-Verde et 
del Carrizal, Mar. 1840, Galeotti 6251 (holo¬ 
type, BR, photos, BM, LL, MICH, UC; isotype, 

P). 

Phanerophlebia lindenii K. Fourn., Mexic. PI. 1: 100 + 
pi. 4. 1872. TYPE: Mexico. Chiapas: in pineto pr. 
Ciudad Real |San Cristobal de Crs Casas], Mar. 

[1838], Linden s.n. (holotype. P). 

Plants not strongly scented; rhizomes to ca. 5 mm 


southern and eastern Mexico (Chiapas, Hidalgo, i- n r • i i . . 

1 1 ^ dram., usually superficial on substrate, erect or 

ii / • if • | ' i \ Y>llC* * iv J I 


Mexico, Miehoaean, Oaxaca, Puebla, San Luis Po- 
tosf, Veracruz), Guatemala (Fig. 11). 

I hi s is the only Phanerophlebia taxon to be 
found in secondary forests or disturbed roadside 

w 

areas. The sing le collection from Miehoaean is a 
mixed gathering with the sheet cited from CM rep¬ 
resenting variety remotispora and the other sheets 


nearly so, not branched at maturity; rhizome scales 

j j 

3—5 mm long, 2—3 mm wide, ovate to lance-ovate, 
eiliate-denticulate, eoneolorous, brown; leaves 4— 
30(—45) cm long (very short leaves sometimes fer¬ 
tile); petioles shorter than to longer than laminae; 
petiolar scales usually persistent, densely or loosely 
overlapping, filiform, the broadest 1.7 mm wide, 

(at A, GH, k, MKXU, MICH, MO, P, and UC) rep- r • , i mil.* a 

r grading into reduced nairlike structures; pinnae 0— 


resenting variety nohilis. 


3(—5) pairs, to 8(—12) cm long, ovate to lanceolate. 


Representative s/>ecimens. MEXICO. Chiapas: slope usually somewhat falcate, the apex obtuse to atten- 

of the sumidero in Tenejapa center, mpo. Tenejapa, Breed * uate, tin* base obliquely subeordate (occasionally 

cuneatc) and sometimes with a small aeroscopic au¬ 
ricle, the margins serrulate-denticulate nearly to 
base, rarely irregularly incised; buds absent from 
axils ol distal pinnae; veins free or uncommonly 
camp on top of Cerro San Felipe, on road off Axaca-lxtlan with lew marginal reticulations, 2—3-branched; sori 


love I076R (l)S, MICH, US). Hidalgo: 5 km N de Ten- 
ango dt* Doria, hacia Ihiehuetla, Hernandez M. 3337 
(KNCB, MO). Mexico : I a >s Wlli *vos, Distr. Temasealtepec, 
Hinton 403 (NY). Miehoaean: Cuineho |Cointzio|, pr£s 
Morelia, Arsene 5415 (CM). Oaxaca: vicinity ol lumber 
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in 1—2(—3) series between rosta and margin; in- on differences in petiolar scales, but incomplete 

dusia 0.6—0.9 mm diam., membranous. Hat or con- specimens cannot be determined without exami- 

eave centrally, not umbonate, shriveled or subper- nation of stomatal sizes. A single mixed collection 

sistent at maturity; spores 41—60 gm long. of these two species is known (MEXICO. Michoa- 

can: Sierra Torreeillas, Distr. Coalcoman, Hinton el 

al. 12428 ; P. pumila — (411, K. LL, MEXU, MO, 


Chromosome number: n 


82. 



Figure 12; see also original de¬ 
scription, Underwood (1899: pi. 359—360, pinna), 
Stolze (1981: 166, as Cyrtomium pumiluni ), Miekel 
and Beitel (1988: 520). 


NY, US; P nobilis var. nobilis 


NY). 


Representative specimens. MEXICO. Chiapas: 10 km 
E of El Porvenir along road from Huixtla to Siltepec, 
Breedlove & Smith 81816 (DS, MICH, NY, TEX). Cucr- 


Phanerophlebia pumila is epipetric on sheltered rero; t()p (|| l[ie Sierra Mad re near Chil|Miii<-ing». Nelson 
limestone rock faces, particularly those with over- 2222 (US). Michoacan: Sierra Torreeillas. Distr. Coal- 

hangs, and in sinks; 2100—2950(—3700) m; south- coman. Hinton 15935 (1)S, ENCB, 1, MEXl . N V US). 


em and western Mexico (Chiapas, Guerrero, Mi¬ 
choacan, Oaxaca), Guatemala (Fig. 13). 


Oaxaca: trail N of San IVdro IMolasco to tin* Llano V'erde, 
at tilt 1 high point above the Llano Verde (Las Cruces), 

Miekel 5877 (NY). GUATEMALA. Huehuetenango: he- 


Phanerophlebia pumila is a morjdiologically vari- tween and Caxfn, summit of Sierra h»s Cuehu- 

al)le tetraploid of presumed allopolyploid origin. matanes, Steyermark 50211 (F, US). 

Unfortunately, although isozyme studies (Yatskiev¬ 
ych, 1990; Yatskievych & Gastony, 1987) have sug- 8. Phaneroplilelmt umbonata Underwood, Bull. 


rn 


gested the presence of two parental genomes in this 
taxon, neither they nor data from ehloroplast L)NA 
variation in the genus (Yatskievych et al., 1988) 
have identified either of the two presumed progen¬ 
itors involved. On the basis of habitat and mor¬ 
phology, P nobilis may have been involved, but this 
taxon does not account for \\w reduced pinna num¬ 
ber and leaf size, nor for the characteristic, narrow 
petiolar scales. One or both diploid progenitors of 
this species may be extinct, but should be sought 
by future collectors in the mountains of southe"" 
Mexico. 

Although Phanerophlebia pumila has been char¬ 
acterized by some workers as having extremely re¬ 
duced leaves with only 1—5 pinnae, the species is, 
in fact, extremely variable in this regard. Under 
greenhouse cultivation, plants with ordy 1—3 pinnae 
in the field often produced elongate leaves with up 
to 11 pinnae (also the largest number encountered 
in the field). Similar observations have been made 
independently by John T. Miekel (pers. comm.). 
Different leaves from various individuals of a single 
Mexican population ( Oaxaca , Llano de Las Flores, 


Torrev Bot. Club 26: 211. 1899. Cyrtomium 

j 

umbonatum (Underw.) C. V. Morton, Amer. 

Fern J. 47: 54. 1957. TYPE: Mexico. Nuevo 

Leon: cool shaded canons. Sierra Madre. near 

Monterrey, 14 June 1888, Pringle 1982 (ho- 

lotype, NY; isotypes, F, (ill, MO, NY. P, UC, 

US). 

Plants not strongly scented; rhizomes to ea. 15 
mm diam., deeply seated in substrate, short-repent 
to ascending, often branched at maturity; rhizome 
scales 2.5-4.5 mm long, 2-4 mm wide, ovate to 

elliptic-lanceolate, eiliate, eoneolorous, brown 
(rarely lighter colored with age); leaves to 90 cm 
long; petioles shorter than to nearly as long as lam¬ 
inae; petiolar scales sometimes deciduous, dense 
and overlapping, much like rhizome scales, the 
broadest ca. 4 mm wide, grading into reduced, hair¬ 
like structures above; pinnae 10—18 pairs, to 15 cm 
long, lanceolate to linear-lanceolate, usually fal¬ 
cate, the apex attenuate, the base cuneate to nearly 
truncate and lacking an acroseopie auricle, tin* 
margins spinulose-serrulate nearly to base; buds 
absent from axils of distal pinnae; veins free, 1-3- 


near km post #130 on hwy. 175, N of Ixtlan de . . ^ 0 , 4 . i 

, . „ ,, ¥ . TT ^ branched; son m 2—3 series between costa and 


Juarez, Yatskievych et al. 88—189 ((41A PA, IND, 


margin, often submarginal; indusia 0.6—0.9 mm 


MEXU, MO, NY)) display great variation in pinna .. ' . . • i i i i 

n r / f ., . /T .. , diam., firm, convex with a raised, darker umbo cen- 

number, size, shape, and distribution (rig. 12). In¬ 
cluded within the range of variation demonstrated 


in Figure 12 are leaves referable to P. lindenii E. 
Fourn., a rare morphotype thought to differ from P. 
pumila in its cuneate (rather than subeordate) pin- 


trally, persistent and not shriveling at maturity; 
spores 41—60 pun long. Chromosome number: n — 

41. 


Illustrations. 


See original description; also 


na bases. Larger leaves off! pumila are extremely Knobloch and Correll (1962: 164); Miekel (1979: 


similar to smaller leaves sometimes displayed by 
plants of P. nobilis growing in ecologically subop- 


164). 


Phanerophlebia umbonata grows in moist soil, 
timal sites, such as the edges of sinkholes. Such less commonly among rocks, with igneous and 
plants (‘an usually be determined correctly, based limestone substrate, in sheltered canyons and ra- 
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Figure 13. Distribution of 'Phanerophlebia pumila, based upon herbarium specimens examined. 


vines, in oak and pine-oak forests, rarely in cloud 
forests; 550—1900 m; southwestern United States 
(Texas, known only from the Chisos Mountains in 
Brewster County), northern Mexico (Chihuahua, 


MKXU). San Luis Potosi: Route 90, 20.0 mi. E of 
Ciudad de Maiz, Michel 563 (ENCB, MICH). Sonora: 
Canon de Tejas, Sierra Charuco, Sierra Madre Occi¬ 
dental, Gentry HI 19 (MICH, UC). Tamaulipas: km 
17.6 (1 1 mi.) SW de Cd. Victoria, carretera 101, Cowan 


Coahuila, Nuevo Leon, San Luis Potosi, Sonora, Ta- 3728 (TLX), 
maulipas) (Fig. 6). 

Phanerophlebia umhonata is easily distinguished L\ci udfd T \\ \ 
from related taxa by its persistent indusium with a 

raised, central umbo. Incomplete collections of Phanerophlebia aurita Fee, Crypt. Vase. Bresil 2: 


sterile leaves of this species, however, are virtually 
impossible to distinguish from P. nobilis and can 


70 + t. 100, fig. 1. 1873. = Polystichum au- 
ritum (Fee) Yatskievych. 


be difficult to distinguish from P. auriculata. The Phanerophlebia caryotidea (Wallich ex Hook. & 


range of P. umhonata is generally to the northeast 
of that of P. nobilis and to the east of that of P 
auriculata . The latter taxon can also usually be dis¬ 
tinguished by its acroscopically auriculate pinnae, 
which possess a somewhat denser indument of re¬ 
duced, uniseriate scales abaxially. The diploids P. 
nobilis and P umhonata have been implicated in 
the parentage of tetraploid P. auriculata . 

Representative specimens. U.S.A. Texas: Brewster 
County, damp places on side of Casa Crande, basin of 


Grev.) Copel., Gen. Fil. 111. 1947. = Cyrtorn - 

iurn caryotideurn (Wallich ex Hook. & Grev.) 

C. Presl. 

Phanerophlebia caryotidea (Wallich ex Hook. & 
Grev.) Copel. var. micropteris C. Chr. ex Tank, 


FI. Madagascar 1: 326. 1958. 

rnicropteron (Kunze) Ching. 


Cyrtorn ium 


Phanerophlebia jalcata (L. f.) Copel., Gen. fil. 
111. 1947. = Cyrtornium falcaturn (L. f.) C. 
Presl. 


the Chisos Mountains, War nock 178 (ARIZ, CH, TEX). Phanerophlebia jalcata (L f.) Copel. var. <I eve x is- 

MEXICO. Chihuahua: Guayanopa Canyon, Sierra Ma- capulae (Tag.) Ohwi, FI. Jap. Pterid. 1957. = 

dre Mountains, Jones s.n. (CAS). Coahuila: Canon de Cyrtornium falcaturn (L. f.) C. Presl. 

Mila^ro, E side of Sierra de los Guajes, ca. 12 km W nL i i i ' r * • / i c uu\ t' I / ^ tr:i 

of Hacienda de la Lncantada, Stewart 1532 (GH). Nue- / J ' .. 

vo Leon: steep, rocky slope near Horsetail Falls, 6 km Ul. 1947. = Cyrtornium fortune, J. Smith. 

SW of Villa <le Santiago, Clausen 7555 (CU, GH, Phanerophlebia fortunei (J. Smith) Copel. var. cliv- 


Figure 12. Phanerophlebia pumila. —a—g. Silhouettes of sample leaves from different plants in a single collection, 
h. Habit. —i. Detail of pinna. —j. Rhizome scale, (a-j all from Yatskievych et al. 85-189.) 
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Christensen, C. 1030. The genus Cyrtomium. Amer. Kern 

J. 20: 41-52. 

Clausen, It. T. 1040. Kerns of ihe Monterrey region, Mex¬ 
ico. A met*. Fern J. 39: 89—97. 

Copeland, K. B. 1047. Genera Kilicum. Chronica Botan- 
ica, Waltham, Massachusetts. 

Cotthem, W. It. J. Van. 1070. A classification of stornatal 
types. Hot. J. Linn. Soc. 63: 235—246. 

I )aigol hi, S. 1072. Taxonomical studies on the fe*rn genus 
Polysliclium in Japan, Ityukyu, and Taiwan. Sci. Hep. 


Presl) C. Chr. 

Phanerophlelna tnacrophvlla (Makino) ()kuy. ex 

Ohwi, FI. Jap. Pterid. 70. 1957. = Cyrtomium 
macrophyllum (Makino) lag. 

Phanerophlelna tnacroph vlla (Makino) ()kuy. ex 


Ohwi var. tukusicola Oknv., (-oil. III. Wild PI. 


( 


'ola ( Tag.) Tag. 


Phanerophlelna tiephrolepioides (II. Christ) Copel., 
Gen. Fil. III. 1947. = Cyrtomium nephrole- 
pioides (II. Christ) Copel. 

Phanerophlelna semicordata (Sw.) Conz., FI. Taxon. 
Mex. I: 13. 1939. = Cyclopelt is semicordata 
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Phanerophlelna tachiroana Copel., (Jen. Fil., III. 


Cyrtomium hookerianum (C. Presl) C 


icola (Makino) Ohwi, FI. Jap. Pterid. 69. 1957. 

= Cyrtomium fortunei J. Smith. 

Phanerophlelna jortunei (J. Smith) Copel. var. in¬ 
termedia ( Tag.) Ohwi, FI. Jap. Pterid. 69. 1957. 

= Cyrtomium fortunei J. Smith. 

Phanerophlelna fraxinella (II. Christ) Copel., Gen. 

Fil. 111. 1947. = Cyrtogonellum fraxinellum 
(H. Christ) Ching. 

# I r r 

Phanerophlelna hookeriana (C. Presl) Copel., Gen. Tokyo Bunrika Daigaku, Sect. B 15: 57—80. 

Fil. 111. 1947. = Cyrtomium hookerianum (C. Polypodiaceae. Pp. 130-330 in A. Fngler 

& K. Prantl (editors). Die Natiirlichen Pflanzenfamilien, 
ed. I, pt. 4, vol. 1. W. Kngelmann, l^eipzig. 

Dilcher, I). L. 1074. Approaches to the identification (»l 
angiosperm leaf remains. Bot. Kev. (Lancaster) 40: I — 

157. 

Diltmer, II. J., K. K. Castetter & (). M. Clark. 1054. The 

ferns and fern allies of New Mexico. Lniv. New Mexico 

^ ^ Puhl. Bot. (>: 1 — 139. 

Jap. 7: 41 + pi. 373. ii£. 2. 1960. = Cyrtorn- CiUson. A. C.. H. W. Calkin & l>. S. Nobel. 1984. Xylern 

ium macrophyllum (Makino) lag. var. tukusi- anatomy, water (low, and hydraulic conductance in tin* 

fern Cyrtomium falcatum. Amer. J. Bot. 71: 564—574. 
Haulier, (7 IL, M. I). Windham, I). M. Britton & S. J. 
Hohinson. 1085. Triploidy and its evolutionary signif¬ 
icance in Cystonteris protrusa. Canad. J. Bot. 63: 1855- 
1863. 

Holmgren, P. K., N. H. Holmgren & L. C. Barnett (Kdi- 
tors). 1000. Imlex herhariorum. Part I. 1'he herbaria of 
the world, ed. 8. Kegmim Veg. 120: i-x, 1—693. 
Ilumholdt, A.. A. Bonpland C. S. kunth. 1825. Nova 
Genera et Species Plantanim, vol. 7. Lihrairie (ireque- 
l^atine-Allemande, Paris. 

knohh»(‘h, I. W. vV I). S. Correll. |0(>2. Kerns and fern 
allies of Chihuahua, Mexico. Contr. Texas H< k s. Found., 

Bot. Stud. 3: i-x 4- 1 — 198. 

kr amer, k. 1)., H. K. Holttum, R. C. Moran & A. K. Smith. 
1000. Dryopleridaceae. Pp. 101 —14-f in k. kuhitzki 
(e<litor). Tin* Families and Genera of Vascular Plants. 
Vol. I. Pteridophytes and (/ymnosperms (k. I . kramer 
& P. S. Green, volume editors). Springer-Verlag, Berlin, 
kunze, G. 1844. Hit* Karrnkrauter in kolorirten Ahhil- 
dungen, Fascicle (Heft) 7. Frnst Fleischer, Leipzig. 
Manton, I. 1050. Prohlems of Cytology and Involution in 
tht* Pteridophyta. Cambridge Univ. Press, Cambridge. 
Maxon, Vi. H. 1012. Nolt*s on tht* North American species 
of Phanerophlelna. Bull. Torrey Bot. Club 39: 23-28. 
Mickel, J. T. 1079. How to know tht* Kerns and Kern 
Allies. Win. C. Brown, Dubuque, Iowa. 

- & J. M. Beitel. 1988. Pteridophyte flora of Oa¬ 
xaca, *xico. Mem. Nt*w York Bot. Card. 46: 1—568. 

-, W. II. Wagner, Jr. & k. L. Chen. PK>6. Cliro- 

mosomt* observations on the ferns of Mexico. Carvologia 

19: 95—102. 

Mitsuta, S. 1077. Kvolution of simple fronds in Cyrtom¬ 
ium — A t>attern morphological study. Acta Phytotax. 
Geolmt. 28: 131-142. 

Mitui, k. 1073. Ch aracteristics of tht* perisptire of tht* 
genus Polystichum by scanning electron microscopy. 
Bull. Ni|)pt>n Dental Coll., Gen. Ktluc. 2: 103—123. 
Moore, T. 18 57. Index Kilicum (Vol. I, Synopsis of tht* 
(ienera). William Pamplin, London. 

Moran, R. C. I08(). The neotropical ft*rn genus Olfersia. 
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-. 1087. Monograph of the neotropical fern genus 

Polyhotrya (Dryopleridaceae). Bull. Illinois Nat. Hist. 
Surv. 34: i—vi -f 1 — 138. 


1947. 
( ihr. 


Phanerophlelna vittata (H. Christ) Coptd., (ien. Fil. 

= Cyrtomium lonchitoides II. 


111. 1947. 


Christ (note that Copelands use of the name 
P. vittata probably applied to C. halansae 
(Christ) C. Chr., but the type of the basionvm 
C. vittatum II. Christ actually = 
ides (Ching, 1936)|. 


C. lonchito- 
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(1) Phanerophlebia auriculata Underwood 

(2) P. gastonyi Yatskievych 

(3) P. haitiensis C. Christensen 

(4) P. juglandifolia (Humboldt & Bonpland ex Willd- 
enow) J. Smith 

(5) P. macrosora (Baker) Underwood 

(6) P. nobills (Schleehtendal <!i Cbamisso) (.. Presl 
(6a) var. nobilis 

(6b) var. remotispora (K. Fournier) Yatskievych 

(7) P. pumila (M. Martens & Galeotti) Fee 

(8) P. umbonata Underwood 

B. Collections bv collector and number (or collection date 

W 

where no number was indicated). 

Anonymous (del. G. kunze) (6a); (herb. Jeanpert) with- 

w 

out date or number (6b); 000806 (6a); on 26 Apr. 1917 

(6b); on 7 Feb. 1919 (I). 

Abbon (7 |= Arsene 6287] (8); |= Arsem* 62911 (8). 
Acosta & Dorantes 281 (6b). Aguirre (!. on 4 Oct. 1975 
(8). Alfaro in Feb. 1902 (herb. J. Donnell-Smith 80741 (4); 
103 [herb. J. Donnell-Smith 80741 (4). Allart 48 (4). An¬ 
derson & Laskowski 4363 (6a). Antonio I <52 (4); 2801 
(4). Armond 534 (5). Arregufn 435 (6a). Arsene «»n 6 July 
1911 (6a); on 7 July 1911 (8); 1687 (6a); 5415 (6a. b 

mixed collection); 5901 (6a. b intermediate). Avendano B. 

00063 (6b). 

Ballesteros & Ballesteros 371 (6a), 403 (6a). Barklev 
14579A (8). Barkley, Webster ((».) iX Bowel I 7130 (8). 
Barrington 1211 (5). Bartlett 10095(8); 10391 (<>): 10406 
(8); 10931 (8). Batalin *X Bravo on II Mar. 1933 (0a). 
Beaman 3056 (3-vel. aff.). Benson 10947 (I). Berkman <X 
Lee 65 (1). Boege 2737 (6a). Bonilla B. F-4322 (0b). 
Bonpland without date or locality (4). Botteri 63 (6b). 
Bourgeau on 20 May 1866 (6b); 45 (6b); 916 (6a); 9|< 
1979. Reticulate veins in the systematies of (6a); 104 (6a); 1648 (6b); 2276 (6b); 2341 (6b); 2348 (6b); 


With Special Reference to Tropical America. Springer- 
Verlag, New York. 

Tsai, J.-L <X W.-C. Shieb. 1985. A cytotaxonomical sur¬ 
vey of the fern family Aspidiaeeae (sensu Ci>peland) in 

Taiwan. J. Sci. Kngin. (Taiwan) 22: 121—144. 

Underwood, L M. 1899. American ferns—II. Ihe genus 
Phanerophlebia . Bull, lorrey Bot. Club 26: 205—215. 
Vareschi, V. 1969. Helechos. Ydl. 1(1, 2) in I. Passer 


(editor). Flora de Venezuela. Institute Botanieo, Merida, 
Venezuela. 

Viane. B. P. 1986. faxonomical significance of the leaf 
indument in Dryopteris (Pteridophyta): I. Some North 
American, Macronesian. and Kuropean taxa. PI. Syst. 

Fvol. 153: 77—105. 

r, I). 11. 197(>. Taxonomic Investigation of ihe Ge¬ 
nus Polystichum in Western North America. Ph.I). Dis- 
serial ion. Washington State University. Pullman, Wash¬ 
ington. 

. 1979. Systematies of Polystich urn in western 


m 

North America north of Mexico. Pteridologia I: 1—64. 
Wagner. W. IP. Jr. 1963. A biosystematie survey of Unit¬ 
ed States ferns—Preliminary abstract. Amer. hern J. 53: 


modern ferns. Taxon 28: 87—95. 


2349 (6b). Boutin tX kimnach 3101 (6a). Boza without 


. 1985. Morphological variation and evolution in date or number (4). Brade( A.) 182(4). Brade(A.)«X Brade 

(C.) on 17 Dec. 1909 [herb. P. Rosenstock 1611 (4); 95<3 
(4) . Breckon & Christman 622 (7). Breedlove 7368 (6b) 
10768 (6b); 15242 (5); 15299 (5); 24996 (4); 25355 (6b); 


Polystichum. Pp. 22-23 in 1). S. Barrington (editor). 
The present evolutionary and taxonomic status of the 
fern genus Polystichum : The 1981 Botanical Society of 


America Pteridophyte Section Symposium. Amer. hern. 25759 (6b); 26262 (5); 26< *8 (4); 26810 (4); 2<69< (6b); 

J. 75: 22-28. 32942 (4); 33657 (6b); 344(H) (4); 34615 (6l>); 34692 (4); 

-<X D. M. Johnson. 1983. Irophopod, a commonly 34698A (4); 387<0 (6b); 41 <08 (4); 41 ^ 13 (5); 125(>4 (4); 
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48670 (4); 5321 I (Ob). Breedlove & Almeda 56931 (6b). & Hernandez V. 4251 (5). Herrera 361 1 (5). Heyde & Lux 

Breedlove & Bartholomew 55521 (7). Breedlove & Dress- in Apr. 1892 [herb. J. Donnell-Smith 32591 (6b); 3241 

ler 2 ( X>67 (6b). Breedlove & Smith (Alan) 21652 (2); (5). Hinton 403 (6b); 1335 (6a); 3544 (6a); 12428 (6a-7 

21748 (6b); 22330 (6b); 31320 (6b); 31433 (6b); 31495 mixed eolleetion); 15935 (7); 16913 (8); 17511 (8); 17707 

(2); 31816 (7); 31881 (5); 32310 (6b); 32744 (6b). Breed- (8). House & Andino 961 (4). Hunnewell on 20 Jan. 1941 

love & Strother 46731 (4). Breedlove & Thorne 21363 (5); 14599 (5); 14600 (5). 


(6b); 30867 (2). Brenes in 1912 (4). Butterwiek 53 (6a). 


Jimenez 78-21 (6a). Johnson 699 (6b). Johnston (I.) & 


Butterwiek & Osborn 2530 (I). Bye 6989 (1); 7094 (6a); Muller (C.) 1362 (8). Johnston (M.) 12777 (6a); 12782 


7363 (6a). 


(6a). Johnston (M.), Wendt & Chiang C. 10728 (1). Jones 


(.abaHero 162 (4). Camacho 0. 10—58 (6a). Camp 2561 on 23 Sep. 1903 |loe. a| (I); on 23 Sep. I903|loc. b| (8). 


(1); 2744 (6a). Carrillo 3 (6a). Castillo C. & V&zquez 1360 
(6b); 1383 (6b); 1567 (6b). Castillo C., Nee & Benavides 


Joyal 1911 (6a). 

Karwinski in 1827 (6a). Kearney & Peebles 14485 (I). 


2417 (6b); 2549 (6b). Chae6n (I.), Herrera & G<5mez (H.) kellerman 5774 (5). Kemp in Jan. 1902 (8). Kenoyer in 

1765 (4); 1789 (4). Chase 7312 (6a). Chavarria & Lara Nov. 1937 (6a); in Dec. 1937 (8); 157 (8); 715 (6a). Ken- 

27 (4). Chdzaro B. & Castillo Ch. 6789 (5). Chrysler 5575 oyer & Crum 3743 (8). kerber on 26 Sep. 1882 (6b). 

(4). Chrysler & Boever 5611 (4). Cisneros 1649 (6a). Killip 5468 (5); 5488 (4). Knapp 1462 (4). knobloch 1967 

Clausen 7555 (8); 7570 (8). ( Jewell & Hazlett 3975 (4). (8); 701 1(1). Koch 7670 (6a). Kruekeberg 4836 (8). 

Cochrane 8449 (8). Conant 726 (2). Conant, Dorante, Lae4s 154 (8); 247 (8); 371 (8); 486 (8). Lara & Cha- 
Kress iK Barrington 727 (6b). Contreras 4956 (6b). Con- varria 28 (4). Laughlin 96 (6b); 549 (6b). Leavenworth 93 

zatti (C.) 2133 (5). Conzatti (C.), Conzatti (H.) & G6mez (8); 801 (8). lading 592 (1). Lee, Berkman & Tharp 

(I.) 2363 (5). Conzatti ((..) X (fdmez (F.) 3482 (5). Conzatti 46193 (I). Leland on 26 Sep. 1896 (8). Lellinger & White 


(C.) & Gonzdlez I 138 (6b). Cooper in 1886(?) (5). Cope- 


1882 (I) 


land on 13 Jan. 1938 (6a); on 18 Jan. 1938 (6b); on 8 on 12 Aug. 1882 (I); in Sep. 1882 (1); 321 (6b). I^6n 17 

Feb. 1938 (6b); on 21 Mar. 1938 (6b). Cornman 847 (4); (4). Leonard A Miekel 4122 (6a). Liebmann in Aug. (6l>). 

899 (4). Correll 13787 (I); 13788 (1). Correll & Gentry Linden in 1838 (7); in Feb.(?) 1838 (7); 1551 (7); 1552 

(7). Lint (M.), Lint (H.) & Haskell 1005 (1). Little & Shaq> 
9922 (7). Loomis & Peebles 5413 (I). Ixjrence & Cedillo 


23043 (1); 23241 (1). Correll <& Johnston (1.) 21772 (1). 
Cory 2(>488 (8). Cosson 474 (6a). Cota & Giniatc 7778 


(6b). Cowan .1728 (8). Cowan & Valdes 3586 (8). Croat T. 4212 (6a). liorence, Martin & Cedillo T. 32(>8 (6a). 
3941 I (6b); 39484 (6b); 39489 (6b); 39546 (6b); 40940 Lyonnet 87 (6a); 765 (6a); 1481 (6a); 1533 (6a); 1633 (6a); 


(4); 41442 (6b); 41474 (6b); 44033 (6b); Croat 46105 (6b); 
47628 (4); 48839 (4); 67734 (4). Croat & Hannon 65955 
(6b). Cruz C. 1649 (6a). 


1926 (6a); 3240 (6a). 

Madison 670 (5). Manara on 27 June 1976 (4). Marsh 
236 (8); 268 (8); 1871 (8). Martin, Moore & Tilley s.n. 
Darling on 6 Nov. 1961 (I). Harrow & Haskell 2059 (6a). Matuda 193 (6b); 1324 (6b); 1365 (6a); 1893 (5); 

(I). Harrow, Gould, Pultz & Phillips (W.) 2556 (1). Dav- 4068 (5); 4688 (6a); 5230 (5); 18710 (6a); I87R3 (6a); 


t< )948 


enport without date or number (6a). Davidse 24437 (4). 26457 (6a); 28263 (6a); 28304 (6a); 

Davis on i Apr. 1946 (8). Heaver 4788 (1). del Campo on 6752 (6b). Maxon 4935 (4); 5273 (5). Maxon & Hay 3289 
I 1 Mar. 1933 (6a); on 20 May 1933 (6a). Dorfler 190 (4). (4). McAlpin 2021 (6l>); 2024 (6a). MeVaugh 10125 (6a); 
Dressier 1613 (4); 1947 (8). I b ushel 9538 (8); 9539 (8). 11756 (6a); 14238 (6a); 20437 (6a); 22314 (5); 23304 


Dunn (David) & Dunn (Don) PM)82 (6b). 


(6a). Mears 231 A (6a); 232 (6a). Mexia 1558 (6a). Meyer 


Ldwards 3(4 (8). Khrenberg 868 (6a). Ekman 3119 (3); & Rogers 2581 (8); 2935 (8). Miekel 563 (8); 5377 (7); 


7793 (3). 


6041* (2); 6182 (2); 7248 (6b). Miekel & Hell wig 3786A 


Lendler 233 (4). Ferguson on 23 May 1988 (I). Fer- (5); 3786a (6a); 3786B (2); 4156 (5). Miekel & Leonard 

n&ndez & Zamudio 992 (6a). Ferris in 1902 (I); 264-08 5284 (5); 5384 (7); 5384A (7); 5384B (7). Miekel & Par- 

(I); 294 (I). Fink 62 (6b); Fink (>6 (6b). Fisher on 9 Aug. due 7(47 (6a). Mohr 184 (6b). Montgomery & Root 7339C 

1924 (6a, b intermediate); on 14 Aug. 1926 (6b); 35365 (8). Moore & Wood 4427 (6a). Morales 1953 (5). Moran 

(6b). Fournier (A (6b). Frvxell & Anderson 3588 (6b). 3035 (4); 4167 (4); 5565 (4); 5667 (4); 5706 (3). Morelos 

Funck 211 (4). (). 5 (6a). Moreno 7014 (4). Moritz 10955 (4). Moya R. 


Galeotti 6251 (7); 6343 (6a). Gallegos 11. 370 (6a). 34 (8). Muller (C.) 729 (6b); 2747 (8). Muller (C.) & Miill- 

Gentry 3660 (6a); 7988 (6a); 81 19 (8). Gereau & Martin er (M.) 353 (8). Mdnch in 1901 (6b); in Oct. 1901 A (7); 

in Oct. 1901B (7); 61 (5); 74 (7). 

Narave F'. 319 (5); 370 (5). Nava & Cruz P 14 (6a). 


201 I (7). Ghiesbreght without date or number (7); 209 (7); 
414 (4). Gilbert 34 (8). Gimate L. 975 (5). Gdmez (L.) 360 


(5); 528 (4); 3441 (5); 22207 (4). G6mez (L.), Chaedn (I.), Nee & Taylor 2(813 (6b). Nelson (A.) & Nelson (R.) 1206 
Chacrtn (R.) & Herrera 21424 (4); 21432 (5); 21489 (5); (1). Nelson (K.) 2222 (7). Nevling & Grtmez-Pompa 2308 


21966 (4). G6mez H. on 3 Oct. 1982 (6a). Gdmez-Pompa 
& Riba 381 (6b). Gonziilez O. 1(41 (6b); 2419 (6a). Good- 
ding 392—45 (I); 162-50 (I); I3B-52 (1); 57-53 (1); 95- 
61 (I); 3070 (1); 6144 (I); 6145 (1); 6146 (1). Coodding 
& Hinckley F-3-39 (I); F-9-39 (1). Gould 4347 (I). 
Gould, Harrow & Haskell 2788 (I). Grant 10799 (4). Gra- 
yum, Poveda & G6mez-l.aurito 8233 (5). Grayurn 
Sehatz 5166 (4). Guillemin without date or number (6b); 
in 1866 (6a). 


(6b). Nicolas on 4 Dec. 1910 (6a). Niles 447 (1). 

Ojeda A. 19 (6a). Orzel 79—21 (8). Ownbey (G.) & Own- 
bey (F.) 1936 (6a). 

Palacios-Rios 2 ( X)I (2). Palma G. 67 (4). Palmer 450 
(1). Parry, Bigelow, Wright (C.) & Schott on 5 Mar. (I). 
Pennell 1(852 (8). Perkins & Hall 3256 (8); 3294 (8). 
Peterson J-1751 (6a). Phillips (E.) 546 (I); 725 (I). Phil¬ 
lips (W.) & Reynolds 2946 (1). Pineda R. 607 (6a). Pittier 
207 (4); 2982 (4). Pringle on 21 July 1814 (I); 3 (1); 831 


Hahn 172 (6a). Hallherg B4B (7); 1391 (6b); 1456 (6b). (1); 1982 (8); 3403 (8); 5585 (6b); 13739 (8). Proc tor 

Hamilton, Stockwell & Aiello 982 (4). Hammel A Trainer 25075 (4); 25446 (6b). Puig 4105 (8); 4918 (6b). Purpus 

13825 (4). Hartman 578 (I). Harvey 996 (8). Hellwig 361 in June 1931 (6b); 1595 (6a); 2454 (6a); 2933 (6b); 2993' 
(0b); 442.5 (7). Herruindez M. 3337 (6b). Hernandez M. (6b); (427 (6b); 15414 (6b); 16024 (6b); 16476 (6b); 

(R.), Cortes & Herruindez M. (I.) 5916 (4). Herrutndez M. 16578 (6b). 
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Rascon without date or number (6b). Rebolledo V. 291 C. (K.). lories C. (I..) <!4 Martinez 7I<>8 (6b). lories R. 


(5). Reeves (B.) et al. 88—1 (I). Reeves (T.) RI202 (1). 
Reiehenbaeher 1135(1). Reichenbarher & Van Devender 


109 (4). Triana 61 (4). Tucker 1288 (4). 
van der Werff & Herrera Till (4). Van Devender (T.) 


(T.) 759 (1). Reineek in July 1899 (6a); in Sep. 1899 (6a); on 6 Keb. 1978 (1); on 13 Keb. 1977 (1); on U> Aii^ 1978 

on 14 Sep. 1899 (6a). Rhoads in Mar. 1899 (6h). Riba 


without date or number (6b); 66 (6a); 1002 (6a). Riba, 
Tryon (R.) & Tryon (A.) 361 (6b). Riskind 1592 (1). Rivera 

fr » • W 

377 (5). Robinson without date or number (7). Rocha 


(8). Van Devender (T.) & McCarten on 24 Sep. 1977 (1). 
Van Devender (T.) & Van Devender (M.) on 28 Mar. 1976 
(1). V&zquez T. 00345 (6b). Ventura A. 476 (6b); 623 (6b); 
2660 (6a); 2694 (6a); 7967 (6b); 9265 (2); 12342 (6b); 
13927 (6b); 15836 (6b); 16261 (6b). Verlet in Aug. 1851 


(HMI7I (8). Rollins & Tryon (R.) 5862 (8). Rossbael. 3079 (8) Vir | e( 2 « (6a). von Ro/.ynski 415 (8); 646 (8). von 


(5). Rowell & Barkley 16M595 (8). Roybal 583 (8); 61 




Tlirchheim in Keb. 1856 (6b); in Sep. 1885 |herb. J. Don- 


(8). Ruiz O. in Aug. 1947 (6a). Runyon 720 (8); 975 (8); nell-Smith 768) (6b); in Sep. 1886 |herb. J. Donnell-Smith 


985 (8). Rzedowski 679 (6b); 10056 (6b); 10571 (6b); 
18531 (5); 19864 (6a); 26425 (6a); 27212 (6a); 27229 
(6a); 34234 (6a). 


1051 | (4); in 1907 (6b). Vovides, Rees A Vazquez (T.) 685 

(6b). 

War nock I 78 (8); 21779 (1). Waterfall 6635 (I). Waters 


Saborio 36 (4). Salinas, Rowell & Barkley 16M575 (8). i 37 (1). Weber 6046 (5). Webster (D.) & Preston 28*8 (8). 

Salvin 113 (4); without date or number (4, 5 mixed col- Webster, (M.) I i < (8). Wendt, Lott & Olmstead 1946 (I). 


lection). S&nchez (J.) 32 (6a). Sanchez M. 164 (6a). San- 


Werekle 15 (5). W hite & Chatters 27 (8); 229 (8). W hi- 


chez S. 445 (6b). Scamman 7087 (5). Schaffner in 1850— teh(>use (>n I 1^ ()V - OK Sep.^ 1934 (1). Whi- 

1855 (6b); in Aug. 1875 (6a); in 1876 (6a); 67 (6a); 82 
(6a); 277 (6a); 461 (6b). Schiede in Oct. 1828 (6a). Seaton 
49 (6b). Seibert 187 (4). Seigler (D.), Bohnstedt & Seigler 
(K.) DS-2550 (8). S«‘iler 418 (5). Sesse, Mocino & Mal¬ 
donado 3853 (6a). Shreve 5434 (1). Skutch 742 (5). Smith 


tlach 16 (8). Whitson 598 (8). Wiggins 7139 (I); 13340 
(6b). Williams (L.). Molina R. & Williams (T.) 23058 (5); 
23862 (4). W indham (K)59B (1); 0I09B (I). Wooton on 14 
May 1899 (I); on 15 May 1892 (1); on 17 Sep. 1893 (I); 

(I). Wo- 



on 18 Mar. 19(H) (1); on 5 Mar. 1902 (I); 
ronow 3020 (6b). Worthington 7679 (1). Wright ( A. H.) & 


(Alan) 510 (6a); 515 (6a). Smith (Austin) K24 (4); 4B/I34 W riaht (A. A.) on 8 July 1925 (1). Wvnd & Muller (C.) 
(4); 1463 (4). Smith (C.) on 24 Dee. 1894 (6b); 2187 (6l>); 

2202 (6b). Smith (R.) M329 (8). Soxman (G.) & Soxman 

(F.) 362 (1). Spence 27 (6b). Sperling 4958 (2); 4994 (2). 

Sperry 178 (8). Standley 10468 (4); 32649 (4); 34531 (4 

X 5 hybrid); 57840 (5); 60049 (5); 613(H) (4); 65420 (5); 

67247 (4); 84842 (4); 86672 (4); 87087 (4); 90066 (6b). 

Stanford, Lauber & Taylor 2085 (8). Stanford, Retherford 
& Northcraft 1069 (8). Stewart 523 (8); 1532 (8); 1533 
(8); 2198 (1). Steyermark 36243 (5); 36871 (4); 37160 (4); 

43709 (5); 46717 (5); 47248 (5); 5(H)36 (4); 5021 I (7); 

55130 (4). Stork 1411 (4); 1558 (4); 1732 (4); 3143 (4). 

Studhalter 308 (1). 

Taylor 364 (8). Tenorio L., Ramamoorthy & Lalrankie 
3655 (6b). Tharp on 4 Sep. 1915 (8); 1817 (8). Thornber, 


349 (8). 

Yatskievych (G.) 78-361 (1); 83-161 (I). Yatskievych 
(G.) Forbes 82—211 (I). Yatskievych (G.) Gaslony 
86-250 (8); 86-329 (5); 89-218 (8). Yatskievych (G.) & 
Gonzalez L. 85—209 (7). Yatskievych (G.), Hevly iK Wind¬ 
ham 81—313 (I). Yatskievych (G.) & McCrary 85—05 (8); 
86-13 (5); 86-30 (5); 86-31 (4); 86-31 a (hybrid of 4 X 
5). Yatskievych (G.), McCrary <£ Worthington 84—67 (I); 

84- f>8(l). Yatskievych (G.), Ranker, (hmzalez L.. Starr 

(G.) & Starr (C.) 85-139 (7); 85-182 (2); 85-186 (6b); 

85- 211 (6a). Yatskievych (G.) & W indham 8.5-296 (I). 
Yatskievych ((7.), W indham & Ranker 83—299 (8); 83—353 
(6b); 84-04 (8). Yatskievych (G.), Windham, Ranker & 
Hal I berg 83—467 (5). Yatskievych ((7). Windham & Sul¬ 
livan 83—10 (I). Yatskievych ((7) & Wollenweber 83—87 


(/nodding & Nelson (A.) on 16 Mar. 1935 (I). Thorne & (8 ). H3-I2B (6b); 83-158 (6b). Yatskievych (('..) iK Yat- 


Lalhrop 41308 (6b); 41784 (6b). Ton 1990 (5); 4840 (6b); 
5320 (6b); 5686 (6b); 5889 (6b). Tonduz 1 1930 (5). Torres 


skievyeh (II.) 82-273 (I). Young on 4 Sep. 1915 (8). 
Zola B. (M>710 (6b); (H)742 (6b). 



